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The Institute of 
British Foundrymen 


ANNUAL CONFERENCE 
HELD IN LONDON. 


June 15, 16, 17, 18 and 19, 1926. 


The twenty-third annual convention of the Insti- 
tute of British Foundrymen, under the presi- 
dency of Mr. V. C. Faulkner, was held in London 
from June 15 to 19, 1926, coincidently with the 
International Foundry Trades Exhibition, which 
latter was held at the Royal Agricultura] Hall from 
June 10 to 19. Conferences were held on 
June 16 and 17 at the Royal Agricultural Hall, 
and during the week those attending the Conven- 
tion were afforded opportunities for inspecting a 
large number of works around London. The 'Con- 
vention opened with a reception at the Spring 
Gardens Gallery, Spring Gardens, Trafalgar 
-Square, on Tuesday, June 15. 

A feature of the Convention was the large num- 
ber of foreign delegates who attended. 


WEDNESDAY, JUNE 16. 


The business of the Convention opened on Wed- 
nesday, June 16, when the members and dele- 
gates were welcomed by the Rt. Hon. Arthur 
Henderson, P.C., M.P. 

Mr. J. Cameron, J.P. (the retiring President 
of the Institute), who presided at the opening of 
the proceedings, introduced Mr. Henderson, whom, 
he said, was a real foundryman, having been a 
moulder for a number of years. 

Mr. Arraur Henperson said it afforded him 
unqualified pleasure to welcome sincerely the mem- 
bers of the Institute and the delegates to the 
Convention. After some amusing speculations as 
to the reason why he had been asked to extend 
a welcome to them, he said he had come to the 
conclusion that the reason why the Convention 
Committee had conferred that honour upon him 


was that he himself was a product of the iron 
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foundry—(applause)—and that, before he had 
devoted so much of a very long public life to the 
moulding of public opinion, it had been his busi- 
ness to mould castings. In fact, in foundry par- 
lance, he was a ‘‘ sand rat,’’ or, in the more polite 
language of the present day, an ‘ artist in sand.” 
He had been interested to learn that morning that 
the chain of office worn by the President had been 
presented to the Institute by one who had been his 
foreman in the foundry, namely, Mr. W. Mayer (a 
past-President), probably one of the most capable 
men in the iron-founding industry that he had 
ever met. All these facts had added +o the 
pleasure which ‘his presence at the _Conven- 
tion had afforded him. Dealing with the aims 
and achievements of the Institute of British Foun- 
drymen, he said that in his judgment its greatest 
importance lay in the fact that it was concerned 
with the welfare of an important industry, and 
aimed at the academic, technical and practical 
improvement of its members. In these days rule- 
of-thumb, haphazard, hand-to-mouth methods of 
conducting business or trade could not possibly 
lead to success. One of the drawbacks for which 
the large-scale use of machinery in industry was 
responsible was that it tended to restrain the free 
play of individuality, and sometimes failed to pro- 
vide the men engaged in industry with the oppor- 
tunities for becoming real artists. Al] good work- 
qnanship was art; in all occupations there should 
be room for good workmanship, and the fullest 
inducements should be offered for its encourage- 
ment. How profoundly true it remained that 
many workmen connected with modern industry 
were no longer permitted to express those in- 
gtincts and impulses which gave the craftsmen of 
qarlier years so much pride and satisfaction in 
eit work, that feeling of profound satisfaction 
which a workman derived from the consciousness 
that he had produced an intrinsically beautiful 
thing by his own hands. The only satisfaction 
which many workmen enjoyed in these days was 
that of knowing that they had performed a mech- 
anical or routine task as well as it could be per- 
formed Surely it must be admitted that this 
process had had to some extent a demoralisine 


effect. It checked the development of personality, 
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it discouraged the study of technical subjects, and 
it prevented the growth of a legitimate ambition 
to foster and maintain the status of craftsman- 
ship. It was the work of the Institute of British 
Foundrymen to prevent, by proper education, the 
deterioration to which he had referred. More- 
over, the incfteasing difficulties and complica- 
tions of industrial and commercial life demanded 
from all classes of officials and workmen 
the highest standard, of education, and unless 
care was exercised the amazing development 
of mechanical inventions, standardisation and 
mass production might lead to a more complete 
servitude and subordination of the man to the 
machine. To the American visitors he would say 
‘without wishing to be in the slightest degree 
critical—that the one thing which had impressed 
him more than any other during a visit to the 
United States at the end of last year was this 
danger. He had seen the system of repetition and 
mass production made so perfect that he could 
not but exclaim that in that system the man was 
supplementary to the machine and the automatic 
process instead of the machine and the auto- 
matic process being supplementary to the. 
man. In modern history we should» aim not 
only at raising the standard of intelligence 
but of developing the latent forces of char- 
acter and of personality. In saying this he did 
not for a moment deny the utilitarian significance 
of education, but wished to emphasise that in 
many respects we were still technically an ill- 
educated people, and the stage had probably been 
reached in our economic development when failure 
to achieve more efficient education on the lines 
he had suggested might lead, not to progress, but 
to retrogression. Moreover, it could not be denied, 
having regard to the keenness of the competition 
of the age, that a higher standard of education 
was absolutely essential in any producing country 
if that country were to keep abreast of its com- 
petitors. He offered his sincere congratulations 
to the Institute because of its educational efforts, 
so vital to the economic and even to the spiritual 
development of its members. 
Referring to the system of presenting exchange 
papers on technical foundry problems written by 
i B2 
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the representatives of different countries, and the 
fact that there were present a large number of 
representatives from various countries, he said 
that papers were to be read at the Convention by 
authors in America, France and Belgium, and 
that since the idea of exchanging papers-between — 
the different countries had been inaugurated 
more than fifty papers had passed. This was all 
to the good. No longer could trade and commerce 
be regarded as a local or even a national con- 
cern, and for that reason he extended, on behalf 
of the members of the Institute, a hearty welcome 
to the foreign delegates present. Trade, he said, 
was world-wide. Our raw materials flowed into 


this country from the remotest parts of the earth; 


our food was grown under foreign skies; and the 
products of our mills, factories and workshops 
were used by the peoples of every land. The 
earth was a store-house, and all the nations of 
the earth were our customers. Recent years had 
witnessed a serious and unprecedented disturbance 
of the economic balance between nations. Every 
country was now striving, and rightly so, to con- 
centrate its productive energies upon the recovery 
of lost ground, seeking, by increased production, 
to become again prosperous, stable and secure. 
Having regard to these things, surely he was 
right in saying that any Institution that brought 
men together for the pooling of their ideas, the 
interchange of their views, the removal and avoid- 
ance of misunderstandings, and the strengthen- 
ing of ties of friendship, deserved every encourage- 
ment. Therefore, he had the greatest possible 
pleasure in extending, not only to the members 
of the Institute, but to visitors from overseas, a 
most sincere welcome, and expressed the hope 
that their deliberations would be highly successful, 


Presentation of the “Oliver Stubbs” Gold Medal. 

The Oliver Stubbs Gold Medal, awarded for out- 
standing work on behalf of the foundry industry, 
was presented to Mr. A. R. Bartlett (Past-Presi- 
dent of the London Branch), 

Mr. Cameron paid a tribute to the distinguished 
work which Mr. Bartlett had done in connection 
with the industry, and said that he was indeed a 
worthy recipient. 

Mr. Henperson presented the medal, and said 
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he had no doubt in his own mind that it was the 
reward of real merit. 

Mr. Barrier, returning thanks for the honour 
conferred upon him, said that in connection with 
the work he had tried to do for the benefit of the 
Institute and the industry he had not been 
influenced by self-interest. That work had been’ 
done, for the most part, before the Oliver Stubbs 
Medal was instituted, and he assured his hearers 
that in the future, as in the past, he would 
endeavour to impart his knowledge and experi- 
ence to his fellow-members in the Institute and 
the trade. 

Vote of Thanks to Mr. Henderson. 

Mr. Ottver Srusss (Past-President of the 
Institute) proposed a vote of thanks to Mr. 
Henderson for having extended a welcome to the 
members and delegates, and for haying delivered 
such an excellent address. Mr. Henderson’s 
career, he said, was an example of what one could 
do if one tried, and he hoped that other members 
of his Trade Union Executive would emulate his 
example and accept invitations to attend the con- 
ferences of the Institute. The members of the 
Institute were anxious to develop and maintain 
good-fellowship, and so clear away some of the 
troubles that existed at present. 

Mr. V. ©. Faurxkner. (President Designate), 
seconding, said that the Institute was deeply 
indebted to Mr. Henderson because he felt sure. 
‘that when his message reached the foundrymen 
of Great Britain they would take a great deal of 
notice of it, and would be able to enter the ranks 
of the Institute with the knowledge that their 
great leader had said they should do so. 

Mr. Cameron, supporting the vote of thanks, 
also expressed indebtedness to Mr. Henderson for 
his thoughtful address and for the welcome he had 
extended to the members. He thanked him for 
having appreciated so exactly what the Institute 
really stood for, 7.e., to make the craftsman proud 
of his craft and of his work, and to encourage 
those social meetings and interchanges of experi- 
ence which were so valuable. 


Mr. Henderson Elected an Honorary Life Member. 

Mr. Cameron then proposed that the Institute 
should honour itself by-electing Mr. Henderson 
an honorary life member. 
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The proposal was greeted with enthusiasm, and 
Mr. Henderson was unanimously elected. 


Mr. Henperson, expressing his appreciation, 
said that no greater reward could come to a 
public representative than the spontaneous ex- 
pression of thanks to which the members of the 
Institute had given utterance. He had been 
honoured in being permitted to be present; he had 
renewed old associations, and had felt that he 
could not resist the invitation extended to him. 
Speaking of the sixteen years which he had 
devoted to foundry work, he said that during the 
whole of his career he had never regretted it. It 
had certainly given him a knowledge of a very 
important trade, and had brought him into close 
contact with the working classes, whom he tried 
so hard to benefit during the later years of his 
life. He would be glad to exercise any influence 
he might have upon his fellows in the iron-found- 


ing industry and the members of the organisaton — 


whose official he had been for 42 years out of 48 
years of membership. Jor 23 years he had repre- 
sented the moulders in the House of Commons, 
and that was one of the achievements that he 
valued highly. It was out of the moulders’ union 
that his opportunities had come, the members of 
that union having invited him to become a Parlia- 
mentary candidate in 1902. In 1903 he was sent 
to the House of Commons as their representative. 


The Annual General Meeting. 


The business of the annual general meeting 
was then proceeded with. 


The minutes of the last annual general meeting, 
held in Glasgow on June 10, 1925, were read, con- 
firmed and signed. 


The annual report of the General Council for 
the session 1925-26, and the accounts for the year 
ended December 31, 1925, were adopted by the 
meeting without discussion. 


ANNUAL REPORT OF THE GENERAL COUNCIL. 


The General Council haye pleasure in present- 
ing to the members their Report of the progress 
and work of the Institute during the past Ses- 
sion, 1925-26. 
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Three General Council meetings have been held 
during the session at York, London and Birming- 
ham respectively. Representatives of the Branches 
from all parts of the country have attended, the 
meetings, and there has been an average attend- 
ance of twenty-six. veils 


The respective Branches have the following 
members attached :— 


Associate 
Members. Members. Associates. Total. 
Birmingham, 
Coventry, and 


W. Midlands... 72 (48) 122 (81) 22 (14) 216 (148) 
East Midlands Beedle) Bln pay oy de. (8). 88 } 
Lancashire .. ..103 (105) 187 (197) 8 (9) 298) (311) 
London 2, 42292) (75) .° 77--(68). 10, (12) 2795155) 
Newcastle .. .. 76 (80) 72 (86) 88 (76) 236 (242) 
Scottish Be ;. BO (54) 112'(114) 30 (26), 192 (194) 
Sheffield °5 .. 83, (85) 89 (88) 11 (12). 183 (185) 
West Riding of : : 

PMORRSY pe ie eee TOL)) 45 (50). rae (==) 75 (84) 
Wales and Mon, .. 18 (19) 12 (12). 3 (—) 33 (81) 
Middlesbrough PR 19 7 45 
General on -- 26 (47) 3 (44)0 — (4) 29. (95) 


598 (579) 790 (794) 186 (161) 1574 (1584) 


The figures in brackets are for the Session 1924-1925. 


The total number of members on the roll of the 
Institute on April 30, 1926, was 1,574. The 
members will be pleased to learn that a new 
Branch has been opened at Middlesbrough, which 
promises to be very successful, and the Birming- 
ham and Coventry Branches have now joined 
forces under the title of the Birmingham, Coven- 
try and West Midland Branch. The Council re- 
gret to have to report that six deaths have taken 
place during the year. 


The members would learn with regret of the 
death in July last of Mr. T. H. Firth, who was 
President of this Institute in 1918. Mr. Firth was 
also a trustee and took a very keen interest in 
everything appertaining to the welfare of the 
Institute. 


Annual Conference, 1926. 


This will be held on June 16, 17, 18 and 19 at 
the Royal Agricultural Hall, Islington, London, 
N.1, by the kind permission of Messrs, F. W. 
Bridges and Sons (organisers of the Foundry and 
Allied Trades Exhibition). 
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“Oliver Stubbs ” Gold Medal. 


The fourth medal was awarded to Mr. A. Cam-. ~ 


pion, of the Scottish Brauch, for meritorious 
services rendered to the Institute over a period of 
many years. 
Diplomas, | = 

These have been awarded to the following for 
Papers read at meetings :—D, Wilkinson, Bir- 
mingham; J. W. Frier, Neweastle-on-Tyne ; H. 
Jowett, Burnley; F, C. Kidwards, Birmingham, 
for Paper read before the East Midlands Branch. 


General Council. - 

The members who retire in accordance with the 
rules are: Messrs. A. R. Bartlett, Wesley Lam-_ 
bert, H. Pemberton and J. Shaw. Messrs. A. R. 
Bartlett, Wesley Lambert, H. Pemberton and J. 
Shaw offer themselves for re-election. Four mem-- 
bers will require to be elected at the London Con- 
ference to complete the ten members as provided 
for in the bye-laws, 


Standardisation of Test Bars. 


Your committee have not met during the year 
on account of the B.E.S.A. not having concluded 
its sittings. It may now be taken for granted 
that most of the clauses set forth in the I.B.F. 
tentative specification will be adopted. The chief 
outstanding point is the proposal that the bars 
be geometrically proportional. This, while gcjen- 
tifically correct for a homogeneous material, does 
not hold good for a metal like cast iron. It is 
quite probable that before the Conference is held 
that difference of opinion will be over. Once the 
B.E.S.A. agrees to accept a specification the way 
will be open for your committee to meet and sub- 


be held at Detroit in September next. 
British Cast Iron Research Association. 


The past year has been a very momentous one 
in the history of the Association. It was re- 
ported in the last conference programme that a 
laboratory had been acquired in which certain 
investigations and_ tests could be conducted. 
During the past year an amalgamation has been 
effected between ‘the Association and the Foun- 
dry Technical Institute, Falkirk, which provides 
the Association with laboratories in Scotland, and 
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with a group of new members in the important 
light castings section of the industry. The Asso- 
ciation has made considerable progress with its — 
research programme and the number of members 
during the year has also increased considerably, 
some of the new members being of an extremely 
influential character. 


The five-year period during which the Associa- 
tion was guaranteed support by H.M. Government 
expires in June next, and pursuing its usual plan 
in such cases the Government set up a_ small 
expert and impartial committee to make a 
thorough examination of the work of the Associa- 
tion at all places where work was being carried 
out, both at the headquarters offices, the labora- 
tories at Birmingham and Falkirk, and at the 
universities and national institutions where re- 
search work is done. The report prepared by the 
inspectors has been transmitted by the Depart- 
ment of Scientific and Industrial Research to the 
Association, and this is a confidential document 
not for publication. It has been circulated to 
the members, and any founder seriously ‘contem- 
plating membership will be forwarded a copy on 
application. 

It can, however, be said that the report is of 
such a highly favourable character that the 
department has had no hesitation in asking the 
Government to continue its support for a 
further period of five years on exception- 
ally favourable terms, and have been so 
arranged to make it advantageous for the 
' Association to get the maximum possible sup- 
port from the industry. Every development 
which has taken place since the Association 
was organised on a stable basis has received the 
cordial approval of the inspectors and the depart- 
ment, and the council now feels that the Asso- 
ciation is on a permanent and stable basis and 
can look forward to a highly promising future. 
The council, therefore, confidently hopes that with 
the improvement of trading conditions member- 
ship will be extended among all producers of grey 
and malleable iron, whether engineering works 
_ or jobbing foundries, and also on the part of the 
blast furnace plants producing foundry pig-iron. 

The annual subscription for the services ren- 
dered is extremely small, and is the sole charge 


“10% 


made by the Association. It can he treated by 
member firms as a business expense not subject 
to income tax. The Association expends ‘solely 
for the benefit of members some £8,000 © per 
annum. 


American Foundrymen’s Association. 


It is anticipated that a large delegation will 
attend the second International Foundrymen’s 
Congress at Detroit, U.S.A., next autumn. About 
twelve European countries will be represented. 
Exchange Papers will be presented by the Foun- 
dry Associations of Great Britain, France, Bel- 
gium, Germany, and Czecho-Slovakia. Nearly 
sixty American foundries have offered to open 


their works for inspection by the foreign dele- 


gates, 
JoHN CAMERON, President. 
W. G. Hortinwortn, General Secretary. 
The accounts and balance sheet are presented 
herewith :— 
Balance Sheet. 
INCOME & EXPENDITURE ACCOUNT. 


EXPENDITURE. OM Sande 
Postages : Me a6 he aha ST 2ue0) 
Printing and Stationery, including Printing 
of Proceedings ay x5 san Ole tO wy 
Council, Finance and Annual Meeting Ex- 
penses. ‘.. off Xe ae Be 48 17° 7 
Tiluminated Address an Bes te 10 10 0 
Branch Expenses— 
Lancashire wii eae ieee | RD et O) 
Birmingham ea -»  102°18° 6 
Scottish .. we a 88 411 
Sheffield .. kis a OT hee 
London .. Sh ss Aeon 
East Midlands .. is 24 5 10 
Newcastle xe os Tiss Meee al 
West Riding of Yorkshire TO eS coal 
Wales and Monmouth .. 2616 2 
Sa ee Ol ae 
Audit Fee a Santee ah Aes Orem 0) 
Incidental Expenses .. ae of is iar sO) 
Salaries—Secretary and Clerk on -» 400 0 0 
Rent of Office a aod wa xe 65 0 0 
Depreciation of Furniture. , HS Ho 810 9 


£1,743 15 11 


sy 


ll 


INCOME. - £ ad. 


Subscriptions Received aie AMEN aa L Ou tou on O 
Sale of Proceedings, etc. Senay ae 611 6 
Interest on War Loan and Cash on Deposit 32) 15510 
‘Surplus Surtees Memorial Fund... ue 10/1 4 
Surplus from Coventry Branch sh AL 315° 9 
£1,730 6 11 
Excess of Expenditure over Income we 13.9 0 


£1,743 15 11 


LIABILITIES. f yeetds fee el 
Subscriptions paid in advance z= saps 20) 1A eG 
Sundry Creditors ; a A OLOMLS tai 


The Oliver Stubbs Medal Pum 
Balance from last Account 20618 8 


Interest to Date “ 813) A: 
215 12 0 
Less : Cost of Medal a 910 0 
Se 206K 0 
Surplus at December 31st, 1924 999 14 6 
Less : Excess of Expenditure 
over Income for the year 
ended December 31st, 1925 13. 9-0 
> 986: 5 6 
£1629" OM F 
ASSETS. £ is.-7d, LR 10) 
Cash in Hands of Secretaries— 
Lancashire ie ool aes 5.6864 
Birmingham : ey 7 - 3. 10. 
Scottish .. Sle e OZ ay 
Sheffield .. = a 42-18 9 
London .. ae an Bie res: 
Hast Midlands .. S204 «7 
West Riding of Yorkshire 2817 6 
Newcastle : 5 2 10 
Wales and Monmouth Ae 5) 3110 
— see PANE Joe AD 
Lloyds Bank, Limited— 
General Account. . Pies) Dike On ues 
Deposit Account pee O0ny Ole U) 
ee OPA) 


Oliver Stubbs Medal Fund— 
£342 53. 7d. Local Loans £3 
per cent. Stock at cost. 200 0 0 
Balance in hands of Lloyds 


Bank, Ltd. fe ae 6 2 0 
0 Or 2 0 
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ASSETS.—Continued, Gaia 
Seed Syn Sade 
Investment Account— 


£100 5% National War 
Bonds, £350 5°, War 


Loan at Cost... Bs 432 10 1 
Furniture, Fittings and Fixtures 
Per last Account xe 85 73 
Less: Depreciation 10% 810 9 
— 7616 6 
£1,629 0 7 


We have prepared and audited the above Balance 
sheet with the Books and Vouchers of the Institute and 
certify same to be in accordance therewith. : 

(Signed) 
J. & A. W. Surry & Co., 
Chartered Accountants, 
Auditors, 


Induction of the New President. 


Mr. Cameron, in handing over the office of 
President to Mr. V. C. Faulkner, said how much 
he had enjoyed the trust which the members of 
the Institute had imposed upon him during the 
past year. ‘He had tried to do his best to main- 
tain the traditions of that office. During the 
year he had visited nearly all the Branches of the 
Institute, and had been fortunate, as few Presi- 
dents had been fortunate, in having a most har- 
monious and splendid Council to work with. In 
handing over the office to his Successor, he said 
that Mr. Faulkner came eminently qualified to 
hold such a position; he was a trained metal- 
lurgist, an expert journalist, and had made his 
mark in the foundry industry. As Editor of THE 
Founpry Trapr Journar he had made that paper 
a success; indeed, he had made such a success of 
it that it was absolutely indispensable to every 
up-to-date foundryman to-day. That was due to 
Mr. Faulkner’s ability and his enthusiasm for the 
foundry business. 

Mr. Favutxner then assumed the chain of office 
and formally occupied the chair, amid prolonged 
applause. He expressed his deep consciousness of 
the honour conferred upon him, and of the work 
the office involved, but expressed the hope that 


13 
when industrial conditions settled down the Insti- 
tute could look forward to a prosperous year. He 


knew he would have the full support of the ‘Past- 
Presidents and Vice-Presidents. 


The New Vice-Presidents. 


Mr. J. T. Goodwin and Mr. S. H. Russell were 
unanimously elected Senior and Junior Vice- 
President ‘respectively. The election of Mr. 
Goodwin was proposed by the President and 
seconded by Mr. R. O. Patterson (Past-President) ; 
that of Mr. Russell was proposed by Mr. Goodwin 
and seconded by Mr. F. J. Cook (Past-President). 


Members of Council. 


The result of the ballot for four members to 
serve on the general Council, to fill vacancies 
caused by retirement, was the re-election of the 
following: —Mr. A. R. Bartlett (London), Mr. 
Wesley Lambert (London), Mr. H. Pemberton 
(Rast Midlands), and Mr. J. Shaw (Sheffield). 


Trustees. 


On the proposition of Mr. G. E. Roberts, 
seconded by Mr. W.. Jolly, the trustees were 
re-elected. They are Mr. Oliver: Stubbs (Past- 
President), Mr. F, J. Cook (Past-President), and 
Mr. BR. O. Patterson (Past-President). 


Diplomas. 


The recommendations of the Awards Committee 
that Major Appleyard (Neweastle), Mr, M. J. 
Cooper (London), Mr. J. R. Hyde (Sheffield), Mr. 
J. Longden (Paisley), Mr. W. West (Burnley), 
and Mr. A. J. Richman (Lancs) should receive 
the Diploma of the Institute was agreed to. 


Vote of Thanks to the Retiring President. 


The Presipent proposed a vote of thanks to Mr. 
Cameron for his services as President of the Tnsti- 
tute during the past year. The office of Presi- 
dent, he said, entailed a good deal of travelling ; 
inasmuch as Mr. Cameron lived in Glasgow, it 
would be impossible to choose a President who 
would have more travelling to do, but, at the 
same time, the Institute could not have chosen 
a President who would have done it more 
willingly. He must have travelled many thousands 
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of miles on the Institute’s business, and during 
the year had visited every Branch of the Insti- 
tute, with the exception of the East Midlands 
Branch; also, he had conducted the affairs of the 
Institute expeditiously, and under the happiest 
conditions. 

The vote of thanks| was accorded with 
acclamation. 


New Medal for Past-Presidents. 


The Presipent then announced that it had been 
decided to present to Presidents of the Institute, 
on the completion of their year of office, a 
souvenir in the shape of a gold medal, instead of 
an illuminated address, as had been the practice 
in the past. It was felt that Past-Presidents 
would prefer to have a medal. He presented both 
to Mr. Cameron and to Mr. R. O. Patterson (Mr. 
Cameron’s immediate predecessor) a medal as a 
memento of their year of office, 

Mr. Cameron, responding to the vote of thanks, 
admitted that whilst it was a relief to hand over 
the responsibility of office, he did so with a tinge 
of regret, because he had so much enjoyed the 
confidence and trust which the members had 
imposed in him. He had also enjoyed working 
on behalf of the Instjtute, and as the result of 
being privileged to hold the position of President, 
he felt himself bound more closely than ever to its 
members and its aims He returned thanks for 
the medal which had been presented to him. 

Mr. Parrerson, who also returned thanks, said 
that the medal would remain with him through 
all his life as a very happy memento of his year 
of office. 


PRESIDENTIAL ADDRESS. 


The Presippnt then delivered his address as 
follows :— 


Gentlemen,—I thank you most sincerely for the 
honour which you have just conferred upon me 
by electing me your president, but with this sense 
of appreciation there is mingled a feeling of 
doubt as to my ability to carry on the work of 
the Institute in so efficient a manner as my imme- 
diate predecessors. In recent years they have 
been large employers of labour and possessed 


proved business ability. I regard my election not 
as a personal one, but perhaps a too-generous 
recognition of the work of the London Branch 
during the last few years, and .I should have 
hesitated to assume this office, which becomes more 
onerous each year, had I not the knowledge of the 
enthusiastic support of both this Branch and the: 
General Council. 


Membership Distribution. 

In recent years the Institute has taken its place 
as one of the leading technical organisations ot 
the country; its work is studied and quoted by 
the world’s leading technicians. Its membership 
not only includes British living in all parts of the 
world, but Americans, French, Spaniards, Italians, 
Czecks, Belgians, and the time has arrived 
seriously to consider whether Germans should not 
also be admitted, as Science knows no boundaries. 


Widening the Scope of the Institute. 

~ A study of the topographical distribution of the 
membership reveals that the excellent system of 
organising branches in the various districts con- 
taining a fair number of foundries has resulted 
in a curious situation. Conditions are now such 
that the Institute is expected to provide a branch 
wherever two or three foundries exist in one com- 
munity. The propaganda of the Institute must 
be so directed and the conduct of its affairs is 
so arranged that it is definitely advantageous for a 
foundryman—no matter where he is residing—to 
associate himself with the Institute. An obvious 
suggestion is that there should be two meetings 
annually, one to be in London and to be devoted 
purely to the reading of technical papers, and the 
second to be in the provinces or abroad and to 
take the form now so well established. 


Meeting Mcdern Necessities. 


The isolated foundryman, whether at home or 
abroad, will demand two types of papers—the 
metallurgical and the practical. About the latter 
a certain amount of confusion is apparent, trace- 
able. to the platitude which enunciates that 
‘‘ what is one man’s meat is another man’s poison.” 
It is suggested that in the, preparation of such 
papers authors should endeavour (1) to eliminate 
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as many indeterminate expressions,-_such as 
“on the hot, soft or dry, side, and the like.” 
The work done in the foundries of the world 
is of such a diverse character that such expressions 
do not admit of universal translation and_applica- 
tion; (2) to deal with underlying basic principles 
and to record the successful or unsuccessful making 
of any particular type of casting as an example 
of those principles; and (3) to retain as many 
of his samples as possible, so that if an aspect 
requires either added metallurgical or engineering 
work for confirmation, they are available. At the 
moment, there exists a vast amount of excellent 
practical theses on foundry topics which demand _ 
co-ordination with special reference to underlying 
principles. At the moment they represent the 
greatest unedited collection of contradictions the 
world has ever seen. 
Metallurgical and Physical Research. 

Foundry industry is urgently requiring a num- 
ber of constants from which reliable calculations 
can be made, and there exist two schools of thought 
as to whose business it is to occupy themselves 
with this work of a fundamental character. One 
section insists that this work should be carried 
out by the British Cast Iron Research Associa- 
tion and another the National Physical Labora- 
tory. Logically, we believe it is more the work 
of the latter until such time as the former has 
enrolled 100 per cent. of iron foundries of Great 
Britain. Again, if an apparatus has been estab- 
lished for determining the specific heat of cast 
iron at 1,200 deg. C., it is also probably suitable 
for similar determinations on non-ferrous metals 
and would thus be outside the scope of the British 
Cast Iron Research Association. Thus on the 
grounds of economy work of. this type should be 
delegated to the National Physical Laboratory, 
which co-operates with most other research 
organisations. It should be remembered that being 
a key industry any progress made by the foundry 
industry does in varying degrees affect every 
other industry. 

A Key Industry. | 

During the war Great Britain discovered that 
its textile industry was basically jeopardised be- 
cause it was to a large extent dependent on 
Germany for its dyes. It will be remembered that 
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the Government were considerably perturbed over — 


the situation, and invested the taxpayers’ money 
ina concern formed to create what was designated 
a key industry. Supposing for a moment that the 
engineering—civil, mechanical, electrical, agricul- 
tural, textile, mining, railway, marine, automobile, 
constructional, printers, chemical, sanitary and do- 
mestic—industries had been dependent on Germany 
for their castings, then our value as an ally of 
France would have been about as useful as that 
of an obscure South American Republic. 

Yet to-day, we doubt if the Government or any 
other representative body recognises the industries 
the Institute represents as being of ‘‘ key’? char- 
acter. As a separate entity it does not exist. 


Lack of Basic Statistics. 


The amount of ‘raw’’ materials it uses or | 


imports are unknown, whilst the product of our 
work is lost in a maze of statistics, only . bits 
appearing as ‘ cast-iron pipes, tubes, etc.,’’ ‘ elec- 
trical fittings,’ ‘ machinery,”  “ agricultural 
implements,’’? and ‘ other items not specified.’’ 
Thus is Britain’s key of key industries neutral. 
It is almost entirely unaware of the foreign com- 
petition it is expected to meet. 


Lack of Buyers’ Co-operation. 

Furthermore, the industry which should be its 
best friend—that of general engineering—is often 
its worst enemy, as it cares but little beyond the 
unfailing production of a cheap article. ‘There is 
often less sympathy exhibited between the engi- 
neer’s buyer and the foundry than between a 
crooked bookmaker and an impecunious backer, 

The correct way for the engineer to assure a 
‘constant supply of sound castings is to accord 
the foundries the fullest co-operation and confi- 
dence. The foundries on their part must be in 
a position to know that the prices they submit 
are based on reliable costing data, open, if neces- 
sary, to inspection and to the techncal excellence 


of product. Of the former the Institute can do | 


nothing beyond the enunciation of underlying 
principles, but for the latter consideration they 
willingly admit engineers as members. with the 
object of the mutual consideration of the joint 
problems, 
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I consider it essential that those leaders of the 


engineering industry who possess their own 
foundries must be taught to realise that they 
are foundrymen. They exercise some control 
both as to the wages paid to the industry and 
the prices received for its product, but judged 
by their contributions to technical discussions on 
foundry topics they would benefit considerably by 
associating themselves much more closely with our 
industry. 

By continued progress the Institute will attract 
to itself this very important type of hybrid 
foundryman, who can do so much to promote. the 
industry as a whole. <A few of the more 
_ enlightened have joined us, and their membership 
is extremely valuable. 


The Modern Foundry. 


There is at the moment a distinct field for men 
who can manage efficiently any type of foundry, 
whether it makes Diesel engines or rainwater 
goods. ‘These two extremes have been given 
because the first requirement for the former is 
@ serious metallurgical knowledge and for the 
latter a real appreciation of monetary value of 
the automatic handling of materials. The two 
are found side by side in a large automobile 
foundry, which JI believe constitutes the best 
training ground for the potential manager, even 
though it does lack work of a heavy character. 
Most foundrymen consider the jobbing shop the 
ideal school. If a man’s object in life is to be 
an expert moulder there is little room for doubt 
that it could hardly be improved upon. A know- 
ledge of moulding, however, should not occupy 
more than 3 per cent. of the thought output of a 
modern foundry manager. His energy has to be 
devoted to work of an experimental character and 
_ to controlling the efficiency of his staff, the 

metal, the sands, the facing, the machinery, the 
handling of materials, and the costing system. 
These, combined with efficient co-operation with 
the drawing office and pattern shop will diminish 
to the lowest possible order the control of the 
mpulgine, except perhaps in the purely jobbing 
shop. 


Co-ordination by Retrospect. 

A well-known pathologist recently stated to me 
that medical science would benefit if research was 
prohibited for a few years and an inventory was 
taken of existing knowledge. I am not at all 
sure whether this is not equally applicable in¢the 
field of metallurgy, excepting, of course, the pro- 
vision of fundamental data. | 

The Exhibition. 

Though the Institute is precluded from indus- 
trial enterprises, its London Branch Council has 
co-operated with the organisers of the Exhibition 
in the closest possible way on the technical side. 


This co-operation has been of the most cordial. 


character, and I believe it has resulted in getting 
together the finest technical Exhibition of 
a non-commercial character ever presented to 
the British Foundry public. Its conception 
was due to the first. president of the 
Institute, and the strenuous work of its 
organisation to a very. distinguished com- 
mittee presided over by Mr. Wesley Lambert, 
who has devoted a great amount of time and 
energy to its collection and display. I specially 
ask you all to spend as much time as possible in 
examining these exhibits. 

Finally, gentlemen, I thank you most sincerely 
for electing me as your president, and I trust 
that the experiment of having a professional man 
instead of a business man to preside over your 
meetings will not prove unsatisfactory. 


Vote of Thanks to the President. 

Mr. J. E. Frercuer proposed a vote of thanks 
to the President for his very able address. ‘The 
‘members, he said, were delighted to see Mr. 
Faulkner in the Presidential chair, and they all 
looked forward to a year of very great usefulness. 


The Presidential address had raised many interest- 


ing points, which would provide much food for 
thought. : 
_ The vote of thanks was carried with acclama- 
tion, and the President briefly responded. 
Telegram from Czecho-Slovakia. 

The PrusipEnr announced the receipt of tele- 
grams from the American Foundrymen’s Associa- 
tion, the French Foundrymen’s Association, and 
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Professor Pisek (President of the Czecho-Slovak 
Foundrymen’s Association), congratulating him 
upon his election to the Presidential chair, and 
expressing the hope that the Institute would have 
a very prosperous year. The members of the 
Institute, he said, would be very deeply indebted 
to these Associations, and he suggested that suit- 
able replies be sent. 

This course was agreed to. 

The following Papers were read and discussed : — 
‘© Quality in Quantities’ (American Exchange 
Paper), by Mr. Arnold Lenz. 

“The Practical Utilisation of Apparatus for 
Measuring the Permeability and Cohesion. of 
Moulding Sands”? (French Exchange Paper), by 
Monsieur Lemoine. 

‘© A Comparison of the Results Obtained When 
Improving the Tensile. Qualities of Cast Iron” 
(Belgian Exchange Paper), by Monsieur lL. 
Piedboeuf. 

At the conclusion of the first session of the Con- 
vention, and on the motion of the President, a 
very hearty vote of thanks was accorded the 
authors of the three Papers discussed. 


LUNCHEON. 

The officers of the Institute and the Reception 
Committee were entertained to luncheon on Wed- 
nesday at the Royal Agricultural Hall by Messrs. 
F. W. Bridges & Sons (Organisers of the Exhibi- 
tion). Mr. V. C. Faulkner (Chairman of the Foun- 
dry Trades’ Equipment and Supplies Association) 
was in the chair. 

The Loyal Toast having been duly honoured, 

Captain R. B. Crewpson (Deputy Chairman 
and Joint Managing Director, Industrial News- 
papers, Limited) proposed ‘‘ The Institute of 
British Foundrymen.’’ Speaking as one who had 
recently become connected with the Institute for 
the first time, he said it seemed to him that there 
were three things which indicated that 1t was 
playing its part in the industrial and scientific 
progress of this country, and playing it really 
well. In the first place, the country was faced 
with a grave industrial dispute, and 1t seemed to 
him that, instead of bemoaning their fate and 
looking at things in a dejected frame of mind, the 
foundrymen were doing their very best to use the 


21, 


time by improving their great industry, by study- 
ing its technicalities and thereby advancing it. 
The fact that at such a time the Exhibition 
could have been organised, and that everyone 
had been ready to seek out everything that might 
help to improve the industry, was a sure sign of 
how deeply and truly the Institute entered into 
the well-being of the industry, and of how truly 
everybody was working to keep the British foundry 
trade foremost in the world. In the second place, 
he had been very greatly impressed with the inter. 
national aspect of the Institute. It was a very * 
great thing that the Institute did not remain 
insular in outlook. Although the practice of 
exchanging Papers with the foundry industries of 
this and other countries had been established only 
five years ago, he understood that already sixty 
Papers had been exchanged, and that those 
Papers, written by experts in France, Belgium, 
America and this country, had been very much 
valued and appreciated. Thirdly, the fact that 
the objects of the Institute were technical and 
social, and not political nor commercial, was a 
very important thing; it was a great achievement 
that, after an existence of 23 years, its aims 
should still be technical and social. He was very 
' greatly impressed, in a humble way, as a student 
of industry, with the ideals of the Institute, to 
pool the knowledge of all engaged in the trade— 
which, after all, was one of the greatest corner 
. stones of British industry—for the benefit of 
British industry. Dealing with the establishment 
of the Institute, he said that it resulted from 
some anonymous correspondence published in Tur 
Founpry Trape Journat 23 years ago, and that 
the man who had written the first letter was a 
' Past-President, Mr. “ Jimmie ’’ Ellis. (Mr. Ellis, 
who was present at luncheon, was greeted with 
loud applause.) In that period of 23 years the 
Tnstitute had accomplished something which many 
industries were still striving to accomplish, but 
could not; it had accomplished a feeling of good- 
will throughout the industry, not only in this — 
country, but abroad, a feeling which made for 
peace in the industry and, therefore, for its better- 
ment. It was, therefore, with humility—because 
this was the first.time he had been able to mect 
its members—with admiration for what it had 
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done in the ‘past, and with best wishes for its 
future success, that he proposed the toast of 
‘« The Institution of British Foundrymen,”’ 

Mr. Joun Camron (Past-President), respond- 
ing, commented that for the first time in his 
experience the members had been addressed by 
two gentlemen (Mr. Arthur Henderson and Capt. 
Crewdson), in the course of one day, who had 
really appreciated what the Institute stood for. 
Dealing with international relationships, he said 
that the Institute had just received an invitation 
‘to attend the international gathering to be held at 
Barcelona in 1928. Mr. Cameron emphasised the 
value of these international meetings, and ex- 
pressed regret that so few from this country 
would be able to attend the International Congress 
at Detroit this year. In urging the members to 
take advantage as much as possible of oppor- 
tunities to visit other countries, he assured them 
that those visits were not only enjoyable, but also 
most instructive. Discussing further the aims of | 
the Institute, he said how very much he had been 
impressed by the breaking’ down of the old 
jealousies which had existed between one firm and’ 
another in the trade before the Institute was 
established; the activities of the Institute had 
been responsible for that, and founders were now 
able to meet together, compare notes and talk over 
their difficulties, to the benefit of all. They also 
encouraged their staffs and workmen to do so, and 
it was a pleasure to him to be associated with a 
body so democratic in its basic as the Institute 
of British Foundrymen. Finally, he said he came 
before the members that day with a clear con- 
science, and believed that he had handed over the 
Institute to Mr. Faulkner in a very healthy con- 
dition. He did not think that at any time had 
there been so much good fellowship, so much 
serious work and so much real endeavour to get to 
the bottom of things as at present. There was a 
feeling in the country that it was now becoming 
almost a necessity. for a firm to be connected with 
the Institute. As the result of a little missionary 
expedition to Middlesbrough last year a branch 
had been formed there; it was in a very healthy 
condition numerically and in enthusiasm, and he 
felt sure that before long Middlesbrough would 
provide the Institute with a worthy President. 


Commanper L. Jackson (Past-President, Shef- 
field Branch) proposed ‘‘ The Chairman.’’ Mr. 
Faulkner, he said, was President of the Foun- 
dry Trades’ Equipment and Supplies  Asso- 
ciation as well as President of the Institute, 
and all the members looked upon him with 
a great deal of feeling and affection. He assured 
Mr. Faulkner that he could depend in the future 
upon the loyalty which the members of the Insti- 
tute had always extended to their Presidents in 
the past, 

The toast was received with musical honours. 

THe CHAIRMAN, in a brief response, said he was 
not present-in his capacity as President of the 
Institute, but was acting on behalf of Messrs. 
F. W. Bridges & Sons, who ‘were the hosts. 
Therefore he proposed a toast to the success of the 
Exhibition, coupling with it the name of Messrs. 
Bridges. 

Mr. K. W. Bringss briefly responded. 


Official Visit to the Exhibiticn. 


In the afternoon the members and delegates 
visited officially the Exhibition, and were enter- 
tained to tea by Messrs. Bridges. 


INSTITUTE BANQUET. 


The Institute banquet was held in the Grand 
Hall at the Hotel Cecil on Wednesday evening, 
The President (Mr. V. OC, Faulkner) was in the 
chair, and there were present some 200 members 
and visitors, many of the latter from overseas. 
The company included the Rt. Hon. Sir Alfred 
Mond, Bart., P-C., M.P.; Sir William Larke, 
K.B.E, (Director, National Federation of Iron 
' and Steel Manufacturers); Mr. F. W. and Mr. 
K. W. Bridges (Messrs. F. W. Bridges & Sons, 
organisers of the International Foundry Trades’ 
Exhibition), Mr. John Cameron, J.P. (Past-Presi- 
dent), and Mrs. Cameron; Mr. F. J. Cook (Past- 
President); Mrs. V. ©. Faulkner, Mr. J. T. 
Goodwin (Vice-President) and Mrs. Goodwin: 
Mr. Barrington Hooper, C.B.E., Mr. Weslev Lam- 
bert. and Mrs. Lambert; Monsieur G. Masson 
(President, Belgian Foundrymen’s Association) ; 
Brig.-Gen. IF. E. Metcalfe, O.B., C.M.G., D.S.O.; 
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Mr. R. O. Patterson (Past-President); Mr. J. G. 
Pearce (Director, British Cast Iron Research Asso- 
ciation); Mr. Geo. C. Pierce (President, London 
Branch); Sir John Prestige; Sir Berkeley Shef- 
field, Bart., M.P.; Monsieur EH, Ronceray (Vice- _ 
President, French Foundirymen’s Association) ; 
Mr. S. H. Russell (Vice-President); Mr. J: Ellis 
(Past-President); Mr. Oliver Stubbs (Past-Presi- 
dent); Capt. R. B. Crewdson; and Mr. H. G. 
Sommerfield (Hon. Convention Secretary). * 
The Loyal Toast having been duly honoured, 
Tur Rr, Hon. Sir Atrrep Monn, Bart., P.C., 
M.P., proposed ‘‘ The Institute - of British — 
Foundrymen.’’ The Institute, he said, had been ~ 
in existence for some years; in fact, it had come 
of age. It had reached the age of 22 years, an 
age at which we all believed that youth was the 
only thing that mattered, and when the things we 
could not tolerate were old age and experience. 
As one who thoroughly believed in the great 
advantage of being young, he considered that a 
young Institute was likely to be vigorous and pro- 
gressive. Its objects were excellent, its member- 
ship was magnificent, and he was perfectly certain 
that the work which it would do, both nationally 
and internationally, would be of the greatest im- 
portance. After all, founding was a very respected 
and aged science; it took us back to the days 
when the casting of church bells was one of the 
principal occupations of the founder. Some of 
those bells still emitted tones of such beauty that 
he doubted whether, with all the modern science 
we had created, we could equal the mixtures which 
the old-time founders so empirically created. 
To-day the foundry industry had become more 
varied and more important to the progress of the 
world than‘at any other period. After all, if any- 
thing was distinguishing us from our forefathers, 
it was the fact that we were living in an age of 
_ mechanical progress, above all, mechanical pro- 
gress so rapid that greater and greater demands 
were being made daily upon all forms of technical 
execution. The engineer to-day called for con- 
sistency of performance, and demanded the fulfil- 
ment of conditions which were almost incredible 
many years ago. It wag very interesting to look 
back over industry, especially chemical industry, 
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and to reflect upon the evolution of processes 
which to-day were becoming commonplace—the 
processes of synthesis under high pressure and 
‘high temperature, which called for castings of 
steel, as he himself had said recently at his 
Billingham works, giving most remarkable per- 
formances, and which were a triumph of British 
workmanship. It was interesting to think how 
many of those things were possible now but were 
never attempted in former times because the tech- 
nical means were not available; the machinery 
for their production was non-existent. He had 
looked back at the history of, Messrs. Brunner, 
Mond & Company’s chemical works, and had 
recently looked at an old engine which had been 
working for forty years, and was still working— 
a tribute to those who built it. He remembered, 
as a child, the difficulties his father had in getting 
compressing machinery of a type which would 
cause one to smile if it were suggested to-day. 


Demand for Special Alloys. 

Again, in the aeroplane industry to-day there 
were demands for metals which were hght and 
strong, for all ranges of products, for nickel- 
chrome steel, new aluminium alloys, etc.; new 
forms of alloys were springing up lke mushrooms, 
many of which, of course, were essential factors 
in future progress. Foundrymen must play a- 
very important rdle there, for, after all, the aero 
engine required very delicate and special cast- 
ings, and the study and utilisation of these new 
materials in the foundry would undoubtedly cause 
new problems to be put up and solved. ‘The little 
experience he had had of foundry work and its 
results had left on his mind the impression that 
it was extremely anxious work. After the most 
infinite care and trouble, something went wrong; 
an expensive casting had a crack, the contract 
which looked so profitable began to appear other- 
wise, the works manager began to look anxious, 
and the sales manager began to tear his hair. It 
was difficult work, and to some extent metals were 
rebellious creatures which, in spite of the care 
and trouble devoted to them, did not always obey 
those scientific laws laid down for them. Of 
course, greater control of temperature and im- 
provements on modern methods would eliminate 
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more and more those difficulties. At the same 
time, it was his opinion that a good foundry fore: 
man was sometimes worth a large number of text 
books. (Hear, hear.) By some uncanny method, 
some peculiar instinct known only to himself, he 
produced results upon which he could not give a 
scientific lecture, but which were very satisfactory. 


International Ramifications. 


Reverting to the Institute itself, Sir Alfred 
said he was very glad that it appreciated the im- 
portance of the maintenance of close contact inter- 
nationally. ‘To-day there was no monopoly in any 
country in the world in scientific thought or indus- 
trial progress. In fact, science had invaded the 
whole world, and no one could tell in what corner 
of the globe some new idea might emerge; no one 
could tell what new process might be discovered 
or what problems might be solved one day in 
Japan, another day in France, another day in 
Germany, another day in America, or elsewhere. 
It was of the greatest importance to the progress 
of the world that these new ideas should not 
remain hidden in one corner of it, and should not 
be monopolised, but should become the property 
of the world. ‘Therefore, it was wise for us to 
disregard and to discourage the old-fashioned ideas 
and formule, according to which everybody had a 
secret carefully guarded from everybody else, just 
as, in the old days, somebody had a ledger which 
he did not understand, but which nobody else was 
allowed to see. After all, we gained more by an 
interchange of ideas with other human beings 
than we were likely to gain by thinking that we 
were the only clever people who would ever dis- 
cover anything. It was international amity and 
progress which undoubtedly made for the develop- 
ment of the world. That was how those in in- 
dustry to-day really conceived it. Incidentally, 
they liked to see, if possible, some return for 
their labour and their capital. There were such 
people as shareholders, who, having put their 
money into industry, most unreasonably expected 
some remuneration. (Laughter.) They were not 
often gratified; they did not seem to understand 
that the service they were rendering ought to 
satisfy them beyond all means, particularly in the 
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engineering industries, the most difficult of all he 
had ever been connected with, which did not show 
any profits at all except upon paper before the 
contracts were completed. (Laughter.) For all 
that, however, the British engineering and 
foundry industries were by no means played out. 
He had an infinite belief in the capacities of the 
people, even in the middle of the most stupid coal _ 
strike from which we had ever suffered, and which 
was paralysing industry. 


Essentials for Progress. 


In spite of these occasional aberrations of other- 
wise reasonable people, we managed to pull 
through, and even if sometimes he felt. we were. 
really slow, we had a curious habit of moving 
rather quickly when we made up our minds to 
move. So long as we did not wait too long it 
was all right. He was certain that in modern 
industry, progress, concentration and co-opera- 
tion were the three things required to put us 
where we ought to be, in the front rank. Old 
traditions had disadvantages, but they also had 
values. It was quite true that we did not hustle 
around and tell people we were hustling quite so 
much as our American cousins did; they were so 
busy telling us how they were hustling that we 
wondered when they did any work—(laughter)— 
but somehow we did get results slowly, and‘ some- 
times pretty surely, and he could say, speaking as 
one with an experience extending over many years 
in industry, that British engineering, inventive 
capacity, and the capacity to solve problems was 
as good as that of any other country in the world; 
if we obtained the right people with the right 
training, gave them the necessary means and 
opportunities, and backed them with courage and 
determination, we could obtain the results. We 
suffered more from cold feet on the part of the 
people at the top to-day than we suffered from 
the incapacity of the people who were doing the 
work; we wanted a little more of the old pioneer 
spirit exhibited by the men who created British 
industry. 


Oil from Coal. 


It was important that those directing indus- 
tries should have some knowledge of the industries 
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they were directing, and should not look upon their 
industries merely as money-making machines. 
Only a few days ago he had read of the great 
progress which some of our friends in Germany 
were making in connection with various new syn- 
thetic processes. He had no doubt that similar 
progress would be made in this country, and when 
the demand was made for new forms of apparatus, 
involying, as he hoped it would, orders to many 
foundries and engineering works in this country 
in vast proportions, we should not be wanting. 
It was interesting to reflect, for instance, upon 
what would be the effect upon the engineering 
industry of the world when we really started to 
»make oil from coal on a large scale, when we 
began to convert, not a few thousand tons of coal 
a day, but hundreds of thousands of tons a day, 
by some of these new processes. Interested as he 
was in an engineering works, he looked forward to 
a better time than had been experienced in the 
last few years; the iron and steel industry would 
ounce more come into its own, and that would 
stimulate matters all round. He was afraid he 
was an incurable optimist; he had no patience 
with those who sat down with folded arms and 
awaited our extinction; there was no logical reason 
for such expectations. Just as he believed that 
humanity, far from having achieved its destinies, 
was only now ,on the threshold of achievement ; 
that locomotion would advance so that distances 
would disappear and countries would be prac- 
tically as contiguous as suburban villas; that the 
resources of the world would not become ex- 
hausted ; that the world would not become over- 
crowded—for it was obvious that the progress and 
development of all kinds of modern ideas with 
regard to fertilisers and food production would 
enable us to support a population so vast as to be 
inconceivable now; equally he was convinced that 
this country had before it a glorious destiny, and 
that those who were young to-day would see the 
development on a large scale of many great and 
new ideas, and when they grew old would be able 
to tell their children of the astonishing kind of 
cave existence which we led in 1926. The Institute 
of British Foundrymen would watch all these 
interesting developments; it would find new and 
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fascinating subjects for its members to study and 
to utilise; it would find also, he hoped, new 
resources to turn to profitable undertakings. This 
‘picture was not the product of a visionary, but of 
one who had spent over a quarter of a’ century 
in the direction of some of the largest industrial 
concerns in this or any other country. He had 
seen markets lost and new ones opened up; he had 
seen people despondent at the thought that con- 
sumption had come to a standstill, and had seen 
that consumption rise year by year; he had seen 
people imagining that in their own processes per- 
fection had been reached, but we were still revo- 
lutionising what we considered to be obsolete 
plants, and new works were as different from the 
old as any works could be.. When one had lived 
through that, one was able to speak with convic- 
tion. It was in this spirit, not merely of hope, 
but of certainty, that he proposed the toast of» 
“The Institute of British Foundrymen,”’ and 
coupled with it the name of a young and energetic 
pioneer, its President, 


Powdered Fuel in Foundries. 


The _ PRESIDENT, responding, expressed his 
thanks for the cordial manner in which the toast 
had been proposed and received. In a tribute 
to Sir Alfred Mond, he said that at the present 
time there were in the Cabinet at least two 
students -of Professor T. Turner, an esteemed 
Hon. Member of the Institute, and expressed the 
hope that in the near future it would include a 
third metallurgist, namely, Sir Alfred Mond. 
There was at present a special Bill in Parliament, 
and he hoped that that Bill would soon pass into 
law, so that Sir Alfred could fill a position which 
he had filled before with such great distinction. 
Addressing Sir William Larke, who, as the 
Director of the National Federation of Iron and 
Steel Manufacturers, is closely concerned with 
statistics, the President pointed to the difficulties 
which faced the foundry industry as the result 
of the absence of statistics. The industry, he 
said, was the key of key industries; Sir Alfred 
Mond could not turn out alkalies or any other 
products without some cast iron somewhere. 
Surely then, the great key of key industries 
should have some statistics for itself. It did not 
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know at the moment the competition it was sup- 
posed to meet, and it did not know what it 
exported. . The statistics relating to cast iron 
exports included cast-iron pipes, tubes, electrical 
fittings, and all sorts of things, which in truth 
were castings, but such statistics did not offer 
the industry any guidance, Unfortunately, the 
industry was diverse in character; the men who 
made gutters for the roofs of houses, or pipes 
used under the streets, or the engines at the 
generating stations, had but little in common; 
all they had in common at the moment was the 
Institute. He asked Sir William, therefore, for 
his help in the production of the statistics which 
the industry needed. Speaking of the Institute, 
he said that it prided itself not only upon its 
national but also upon its international relations. 
He had received that day telegrams expressing 
good wishes from the foundrymen’s associations 
in America, France, Czecho-Slovakia and Spain. 
“These associations were working for the same 
common object as that for which the British 
Institute was working, and he announced that the 
Institute had been invited by the Spanish Asso- 
ciation to attend a conference in Barcelona. 
Finally, commenting upon Sir Alfred) Mond’s 
remarks, he said he was glad to hear him hold 
out the hope of obtaining oil from coal on a large 
scale. He himself had heard a good deal about it, 
but it was a little in the air at the moment. An 
allied problem, however, to which foundrymen 
would do well to devote close study, was that of 
the use of powdered fuel. He was pleased to 
_hear only that morning that the largest malleable 
iron foundry in Great Britain had decided to use 
powdered fuel, and he believed that the second 
largest would be chasing it in an effort to be 
first. That, he said, was good news. 


Scientific and Practical Collaboration. 


Mr. Otiver Srusss (Past-President) proposed 
‘“ Seientific Institutions and Alliéd Industries,”’ 
which, he said, included the National Physical 
Laboratory, the Iron and Steel Institute, the 
Institute of Metals, the Research Department at 
Woolwich, and last, but not least, the British 
ast Iron Research Association. The Institute 
of British Foundrymen, he said, was delighted 
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to welcome representatives of those bodies, and 
wished to thank them for their support in the 
past. At the same time, he assured them. that 
the Institute was anxious to do all it could to 
help them, for the benefit of all. In a reference 
to the benefits which accrued from an inter- 
change of ideas between all these bodies, he 
pleaded for an even greater co-ordination between 
the scientific and the practical aspects of the 
industry than perhaps had been manifest in the 


past. In acknowledging the valuable work: 


earried out by the British Cast Iron Research 
Association and the necessity for its continuance, 
he said that, as the result of the splendid record 
of that body in the last five difficult years they 
had been able to put such a strong case before 
the Department of Scientific and Industrial 
Research that the latter, he believed, had prac- 
tically decided to grant to the Association the 
terms they had asked for for another five years. 
(Applause.) He took pride in the fact that the 
Institute of British Foundrymen was the father 
of the Research Association. As to the Institute 


itself, he said it was one of the few bodies which 


included within its membership the men in the 
shops, the foremen, the managers —and_ the 
employers, and emphasised that if there were 
more bodies through the medium of which the 
workpeople and those who were responsible for 
the control of industry could be brought so closely 
into contact one with the other, there would be 
far less trouble in the industrial world. He had 
every sympathy with the British worker. It was 
quite true, as Sir Alfred Mond had said, that 
we were only at the beginning of progress, and 
_for that reason he appealed for support of the 
work of the Institute and other such bodies, 
which, it must be remembered, was carried out 
by men who were keen enough to devote their 
leisure to it. 

Captain R. B. Crewpson) (Joint Managing 
Director, Industrial Newspapers, Limited), who 
responded, in the absence of Sir Joseph Petavel, 
FYR.S. (Director, National Physical Laboratory), 
said that just as the research work carried out 
by the various bodies mentioned was playing a 
more and more vital part in Keeping British 

industry where we wished to see it, so the 
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members of those bodies felt that they depended 
for their success upon the support and encourage- 
ment which they might receive from the indus- 
tries they sought to serve. The eloquence with 
which Mr. Oliver Stubbs had proposed the toast, 
and the hearty manner in which it had been 
received, would be an encouragement to the 
members of those bodies and an inspiration to 
them in their work throughout the coming session, 

Mr. F. J. Coox (Past-President) proposed the 
toast of ‘‘ The Guests,’? and thanked them for 
having honoured the Institute by their presence. 
The Institute, he said, was proud to welcome 
such men as Sir Alfred Mond, Sir William Larke, 
and other giants of industry who were present. 
It was also proud of the fact that there were also 
present representatives from America, France, 
Belgium, Sweden, Denmark, Czecho-Slovakia and 
Germany, and he commented with pleasure on 
the fact that one table was occupied entirely by 
representatives from Sweden, including a Past- 
President of the Swedish Foundrymen’s Associa- 
tion. He extended to all the guests a very hearty 
welcome. 


Lessons from the Coal Crisis. 


Sir Wiiisam Larkr, K.B.E., responded, and 
thanked the Institute, on behalf of the guests, 
for the hospitality extended to them. He dwelt 
upon how much functions of this character con- 
tributed towards the welfare of the industries 
with which they were connected, and emphasised 
the value of the free exchange of information, 
discovery and experience between the representa- 
tives of all industries in all countries. Nothing 
could be gained, he said, by attempting to retain 
a technical monopoly, because such a monopoly 
could not be retained, and, if it were retainable, 
it was not worth retaining, because collective 
knowledge and experience was of far greater 
benefit, to the individual who contributed to it 
than any individual contribution he himself could 
make. He himself had been brought up as an 
engineer and had been associated with industry 
all his life, and knew full well that the technical 
difficulties we all met with in our daily life, and 
which needed so much solving, were frequently 
solved by someone else, working in another direc- 
tion altogether, whose knowledge would not be 
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conveyed to us except by the establishment of the _ 
closest possible contact and the free interchange 

of ideas. One of Sir William’s epigrams was that 
the problems of 1926 cannot be solved with a 
~1914 mind. Like Sir Alfred Mond, he was an 
optimist; he was one of those -who believed that 
a pessimist was a man who saw a difficulty in 
every opportunity, and that an optimist was a 
man who saw an opportunity in every difficulty. 
If that were true, what opportunities did he see 
in the recent emergency through which the 
country had passed, and the crisis with which the 
country was still faced? He saw the opportunity 
of laying the foundation of that mutual confi- 
dence between all people in this country, which 
would enable us to rise to that unity of thought 
and singleness of purpose which had characterised 
our efforts during the war, and that unity and 
confidence, when secured—ag he believed it would 
be secured as the result of the solution of the 
present difficulties—would enable us to use the 
finest industrial capacity in the world.’ Those 
who had been privileged to see the war effort 
from a position which enabled them to survey 
the effort of the whole country, particularly those 
who had been trained as industrialists, knew full 
well—and he said it without fear of contradiction 
—that the industrial effort of this country during 
the war period was unprecedented in the world in 
this or any other time. Such effort would bring 
us prosperity in the future, and all that was 
needed to secure it was mutual confidence on the 
part of all engaged in industry, so that they 
worked to a common end. Dealing with the sug- 
gestion that the foundry industry had not sufh- 
cient statistics on which to base commercial 
policy, he said it was less than a week ago when 
he had first heard that there was any such need. 
He was delighted, however, to hear the remarks 
which had been made, and his efforts at least to 
meet that need could be relied upon. It did not 
rest entirely with him or his colleagues, however; 
there were others involved, such, for instance, as 
Customs officials, but so far as it was possible, 
the statistics which the foundry industry required 
would be prepared and incorporated in the 
national statistics. for which he was responsible, 
to the iron and steel industry. 
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Mr. Joun Cameron, J.P. (Past-President), pro-— 
posed the final toast, that of ‘‘ The Convention 
Committee and the London Branch.’? An enor- 
mous amount of work was involved, he said, in 
' recent years to make the annual gatherings of the 
Institute the success they had been, but on this 
occasion those responsible for the arrangements 
had come through some special difficulties with very 
great credit. For the first time in the history of 
the Institute it had been doubtful, until a com- 
paratively short time before the Convention was 
to be held, whether or not it would have to be post- 
poned, There had been difficulties arising out of 
reduced railway services and many other factors, 
but the Convention Committee and the London 
Branch were maintaining the high standard 
attained in connection with the Institute’s Con- 
ventions in the last three or four years. On this 
occasion the Convention was more attractive than 
-ever, because it had been arranged to have a 
wonderfully good exhibition running concurrently 
with it. As one who had been to every Exhibition 
since 1913, he could say that it was the finest 
foundry Exhibition ever seen in this country, and 
he congratulated the organisers, Messrs. F. W. 
Bridges & Sons, as well as the Convention Com- 
mittee and the London Branch, upon their enter- 
prise. No one recognised more than he the educa- 
tional value of such Exhibitions; it was always 
his practice to send his managers and foremen to 
visit them, and they came back to their work 
encouraged and enthused with new ideas. They 
met old friends and made new ones, and they 
returned with new interest and new enthusiasm 
for their work, which would be impossible but for 
the efforts of the Institute. The members of the 
Convention Committee were Col. W. F. Cheese- 
wright, D.S.O., Mr. Faulkner (the President), Mr. 
Wesley Lambert, Mr. H. Shillitoe, Mr. G. C. 
Pierce (President of the London Branch), and 
last, but not least, Mr. H. G. Sommerfield (Hon. 
Secretary of the London Branch, and Hon. Con- 
vention Secretary and Treasurer). He paid a 
tribute particularly to Mr. Sommerfield for the 
enormous amount of work he had done, and said 
ib was a great pleasure to ask for recognition of 
that work. The Branch had given a good lead to 
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the Institute in having taken a broad-minded view 
in such matters, and it was the desire of the Insti- 
tute to recognise it. He coupled the toast with 
the name of Mr. G. C. Pierce (London Branch 
President). 

Mr. G. C. Pierce, in a brief speech, expressed 
thanks on behalf of both the Committee and the 
. Branch, and said they were amply repaid by the 
assurance that those attending the Convention had 
found it to be enjoyable and instructive. He also 
acknowledged in glowing terms the services which 
Mr. Sommerfield had rendered. 

Mr. H. G. Sommerrierp also responded in a 
speech characteristically brief. It was a pleasure 
to him, he said, to find so many in sympathy with 
the work done in connection with the Convention. 
That in itself had been ample recompense. 

During the dinner musical selections were 
rendered by the Corelli Windeatt Sextette, and 
later a concert, under the direction of Mr. Arthur 
Hayes, contributed to the success of the evening. 


THURSDAY, JUNE 17. 
The proceedings were resumed on Thursday 
morning in the lecture room at the Royal Agri- 
cultural Hall. 


British Cast Iron Research Association. 
New Grade of Membership. 

Mr. J. G. Pearce (Director, British Cast Iron 
Research Association), at the invitation of the 
General Council of the Institute, outlined a new. 
scheme, regarding membership of the Research 
Association. Quite recently the Council of the 
Association had adopted a new arrangement, which 
had been accepted by the General Council of the 
I.B.F., whereby members iand associate members 
of the I.B.F. could take advantage of associate 
membership of the Research Association at a sub- 
scription of 20s. per annum. 

Mr. Pearce also took the opportunity of correct- 
ing an impression which had got abroad some years 
ago, that an associate member was entitled to 
receive the whole of the Research Reports and 
other confidential reports circulated by the 
Association. It would be obvious, he said, that 
it would be impossible to provide, for a small and 
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limited subscription, information for the receipt 
of which the full members paid many times that 
amount each year. He felt sure, however, that 
the service which could be given for the small sum 
of 20s. per annum would be more than sufficient 
recompense to those who subscribed. In addition 
to circulating to such associate members the 
Quarterly Bulletin—which watched the world’s 
literature on founding, on behalf of the foundry- 
men of this country—and placing at their disposal 
the Library and Information Bureau, the Associa- 
tion was prepared to deal with any inquiry on 
behalf of an associate member for information 
relating to any aspect of founding practice; it 
would supply that information from books, trade 
literature and periodicals, provide translations 
from foreign literature, and books, pamphlets and 
periodicals could also be borrowed. He felt very 
strongly that if the possibilities of this service 
were more widely known, greater advantage would 
be taken of it. 

The following Papers were read and discussed :— 

1. ‘‘Non-Ferrous Metallography,’ by Mr. S. 
Glen Primrose. 

2. “Some Notes on the Production of Cylinder 
Pig-Iron to Fracture and Analysis,’ by Mr. E. J. 
Yates. : 

3. “ Chemical Reactions in the Cupola, with 
Special Reference to Fuel Consumption,” by 
Professor EK. C. Thompson and Mr. M. lL. Becker. 

During the afternoon the members and ladies 
visited a number of works in the London district 
and in the evening a banquet was given at the 
Agricultural Hall by Messrs. F. W. Bridges & 
Sons, Limited, organisers of the International 
Foundry Trades Exhibition. The banquet was in 
honour of overseas “delegates and visitors, and 
officers of the Institute of British Foundrymen 
were also present. 


FRIDAY, JUNE 18. 


The day was spent in visits to various works, 
situated near London. A party of members and 
ladies visited the Letchworth Garden City and 
afterwards inspected several works in Letchworth 
and other parties of members visited works at 
Dunstable and Braintree. 
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SATURDAY, JUNE 19. 

The last day of the Conference was devoted to 
an excursion by steam launch along the Thames. 
On the outward journey a halt was made at 
Windsor and the party disembarked for luncheon 
at the Bridge House Hotel. 

The President, in a- few remarks, expressed the 
gratitude of the whole party to Mr. H. G. 
Sommerfield, the Honorary Convention Secretary, 
for the excellent arrangements which he had made 
on their behalf and regretted that Mr. Sommer- 
field himself was unable to be present. 


QUALITY IN QUANTITIES. 


By Arnold Lenz, Saginaw Products Company, 
Saginaw, Mich., U.S.A. 


[American Exchange Paper.] 


The production of articles in quantities is an 
outstanding feature of the present industrial 
era. It is the result of industrial evolution and 
a product of present civilisation. 

The effect of this development in the various 
industries on the mode of living has been very 
pronounced. It has raised the standard of living 
and has given everybody more. of the enjoyment 
of the better things of life by bringing within the 
means of the masses such things as better cloth- 
_ing, better heating and lighting of homes, 
improved sanitary equipment, telephones, books, 
newspapers and even automobiles. Luxuries of 
a few years ago have become commonplace and 
will be classed as necessities by the next genera- 
tion. Quantity production is necessarily con- 
fined, to the manufacture of commodities, enjoy- 
ing a wide range of distribution and usefulness, 
whose application and use are to a certain degree 
only limited by its cost to the consumer and may 
vary from a match to an automobile. 

This| method of manufacturing has invaded 
every industrial field and has been equally suc- 
cessful in high and low quality articles. Although 
_ there is evidence of this on every hand, there 
are still a large number of manufacturers as 
well as consumers who refuse to recognise this 
truth. They persist in associating quantity pro- 
duction with cheapness, not only in price, but in 
quality also. This is erroneous and can only be 
attributed to a misconception or ignorance of the 
fundamentals of quantity production. 

Since the price and the usefulness of a com- 
modity are the controlling factors in its distribu- 
tion, the quality is, as a rule, predetermined and 
fixed in advance. Production has therefore to 
adjust itself to quality and not quality to pro- 
duction. This is well illustrated in the textile 
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industry, one of the first industries to adopt 
quantity production. Here the efforts to pro- 
duce goods in wool, cotton, linen and silk of a 
quality and price to satisfy the needs of people 
of humble circumstances, has not prevented that 
industry from producing, sometimes in the same 
institution, textiles of the finest quality that will 
satisfy even the most exacting taste. The auto- 
mobile industry is another example. There are 
cars of a great variety in quality and price, and 
the few manufacturers who do not build on a 
quantity’ production basis are prevented from 
doing so, because their prices are restricting their 
market to a point where the application of 
quantity production is no longer practical or 
possible. 


Quantity Production as Applied to the Foundry Industry. 


There has been considerable criticism that the 
foundry industry has failed to keep pace with 
the general industrial development. While this 
criticism is not wholly unfounded, it has, in 
most cases, been offered by people who have_ 
little or no knowledge of the peculiarities and 
difficulties incident to the foundry industry and 
has, as a rule, been devoid of the practical and 
helpful suggestions which every progressive 
foundryman is eagerly seeking. 

This is an age of specialization and it is leav- 
ing its mark on the foundry industry. Specializa- 
tion has already removed from the jobbing 
foundry such castings as fittings, pipes, radia- 
tors, railway car wheels, sanitary equipment, 
bearings, bushings, automobile castings, etc., and 
there are many more to follow. Once a casting 
has entered the specialty field, price and 
uniformity of quality place it beyond the reach 
of the foundry producing a general run of cast- 
ings. 

The limited number of any one piece and the 
nature of the castings produced by the ordinary 
jobbing foundry makes the application or 
adoption of even some of the well established 
foundry devices and equipment impractical. It 
is only the specialty or production foundry that 
can take full advantage of all the modern 
mechanical, metallurgical and chemical develop- 
ments and it is to these foundries that the 
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foundry industry owes its rapid development of 
the past few years. In the manufacturing of 
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castings, as in any other commodity, quantity 
is the only limiting factor in the application of 
production methods. Quality and intricacies of . 
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design are only influencing \factors as far as the 
selection of the equipment and method of manu- 
facturing is concerned. 

Judged from a standpoint of quality - and 
intricacy of design, the automobile industry 
requires perhaps the highest grade of castings. 
That these castings cannot only be successfully 
produced, but that also a higher grade of quality 
is possible under quantity production methods, is 
a well-established fact. ! 

Since, in addition to its own peculiarities, the 
automobile-casting foundry has also many of the 
problems and conforms in a general way to the 
production of other castings on a quantity basis, 
some of its main features will be set forth in the ~ 
ensuing paragraphs. 

A foundry producing automobile castings as a 
specialty differs from the specialty foundry pro- 
ducing radiators, car-wheels, pipes, etc., in that 
its general layout and equipment must have 
greater flexibility. With the exception of one 
or two well-known makes, there has been a con- 
stant changing in designs of motor-cars which, 
while perhaps not so apparent to the public, 
causes a seasonal readjusting and _ reorganising 
of the methods employed in the production of the 
necessary castings. In selecting core machines, 
moulding machines, conveyors or cleaning room 
equipment, this factor must be taken into con- 
sideration and a reasonable allowance must be 
made to take care of the changes of size, shape 
and weight of the various castings. 


Labour and Management. 


One of the outstanding features of a quantity 
production foundry as compared with the regular 
type of foundries lies in its working force. 
Instead of the trained and seasoned artisans 
which one would associate with the production of 
intricate castings of high quality, the staff is 
composed entirely of specialists, trained only in 
their respective operations which are reduced to 
the smallest unit and the simplest form possible. 
This, however, does not mean that such a force 
is a conglomeration of nondescript labour; on 
the contrary, some of these people become highly 
skilled and are able to perform their operation 
very accurately and with ‘what is to the 
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uninitiated, incredible speed. Their performance 
compares well with the speed of a trained run- 
her as against the speed of an all-round athlete. 

A production foundry, employing about 2,500 
men, may not employ over 10 full-fledged 
moulders and coremakers. The burden of supply- 
ing the necessary knowledge of the details 
involved in the manufacturing of a great ton- 
nage of intricate castings falls, therefore, 
entirely on the management. For this reason, the 
Successful operation of a production foundry, of 
this nature, depends largely on the ability of the 
management to choose the most effective methods, 
to standardise the various operations, to select 
the most efficient equipment and to maintain it, 
to design the necessary special appliances and to 
organise its force in such a way that the product 
will flow through the plant’ in a continuous 
uninterrupted manner, This is best accomplished 
if the executives are advanced from the ranks by 
merited promotion. 

Although the chief aim of quantity production 
is toward lower costs, its introduction has, in 
some instances, been actuated by a shortage of 
all-round mechanics. Contrary to what certain 
short-sighted labour leaders would have one to 
believe, quantity production was never. designed 
to lower the wages of the working man, nor was 
it designed to exclude trained artisans from 
these plants. The absence of union moulders 
and core makers is entirely voluntary on their 
part and must be charged to their reluctance to 
do repetition work and the restrictions of the 
unions as ‘applied to production. 


Piece Work as Wage Incentive. 


~ A prevailing mode of wage payment is piece- 
work based on ‘time studies. “A day’s work 
constitutes what a man can do without injury to 
himself over a long period of time. It is based 
on an average man and does not represent the 
maximum of the exceptional worker. The time 
required by a new man to reach the specified 
rate of production may vary from one to two 
days on some minor operations, to one to three 
weeks on the more skilled. In the foundry, the 
rammers are usually recruited from the labourers 
and the finishers and core-setters from the 
rammers. 


Fic. 4.—Proprr anp Improper Dusien oF 
Frask Bar ror Jor Macuine RamMMine. 


Sketch 1 and 2.—Contrast of properly designed bar 
of Fig. 2 for machine ramming with common type of 
design, which does not give good results, as soft spot 
is usually left under bar, as shown in Sketch 3. 

Sketch 4 shows proper design of bars at joining of 
two cross bars. , 

Sketch 5 and 6.—Sketch 6 proper design of bar in 
contrast with improper design of 5. 

Sketch 7 and 8.—Sketch 8 shows proper design and 
spacing of bar contrasted with improper design of 
Sketch 7. 

Sketch 9 and 10.—Sketch 10 shows proper design of 
bar contrasted with improper design of Sketch 9. 

Sketch 11 and 12.—Sketch 12 shows proper design 
of bar for lifting sand from groove pocket contrasted 
with improper design shown in Sketch 11. 
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The beginner is usually guaranteed a certain 
day’s wage which varies somewhat with the 
operation, but. does in no case fall below the pre- 
vailing labour rate. The base rates, which are 
the amounts the men are to receive for 100 per 
cent. production, compare with the prevailing 
common labour rate approximately ag follows:— 


Per Cent. 

Moulders set Le at ... 180 to 200 
Core makers and core assemblers 

(male) we atk ae ... 150 to 175 

Core makers (female)... ... 150 to 200 


Iron pourers : ate sabes ... 150 to 160 

Shaking out of moulds (hot) ... 150 to 160: 

Melting A bids Scio ... 150 to 160 

Cleaning departmen is ... 125 to 150 

Sand_ blasting od Bs ... 200 to 210 

To what extent the workers prosper under this 
system can be judged, in a measure, from the 
photograph of the front yard (Fig, 1) of one of 
the production foundries with which the author 
is identified, which shows about 50 per cent, of 
the automobiles belonging to the workmen. 


Materials. 


The proper selection and control of raw materials 
are important factors in the production of quality 
castings, and the repetition of standardised opera- 
tions presents an opportunity for checking and 
noting the effect of the various materials on the 
quality of the product, far beyond that possible 
by ordinary foundry methods. Therefore, a fully- 
equipped laboratory, in which the’ various 
materials and products are tested and analysed, 
forms an indispensable part of the production 
foundry. 

While materials such as coke, iron, sand, lime- 
stone, corebinder, etc., are all closely checked in 
the laboratory, the effect of the physical structure 
and source are recognised as important factors. 
This is especially true with coke and iron as 
applied to castings calling for a high Brinell num- 
ber, density, and high-speed machining qualities. 
Two brands of coke of practically the same 
analysis but differing in structure may produce 
iron with a difference in Brinell hardness of 25 
to 30 points. The same is true of the combina- 
tion of different brands of iron. 
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Special attention must be given to the varia- 

tion between pigs in one truckload. Apart from 
an average analysis, the specifications should also 
call for a limit in variation. | These specifications 
can usually be met at the blast-furnace by confin- 
ing the iron loaded into any one truck to one tap, 
which is facilitated by the steady flow of deliveries 
required in a large foundry. 
_ While a limit in variation is important in cupola 
practice, it is not so necessary where iron is melted 
and held in large quantities, as in an open hearth 
or in an air furnace, because it is much easier to 
maintain an average. 

The large consumption and the adherence to a 
standard practice, not only in methods, but in 
materials also, enables the producers of pig-iron, 
coke, sand, corebinder, etc., to furnish these 
materials to very close specifications and the 
desirability of this business usually brings forth 
the fullest co-operation in scheduling and guaran- 
teeing deliveries. This is especially true where 
the producers have the assurance of continued 
business relations which, however, does not neces- 
sarily mean long-time contracts. 

Core sands are usually used in the natural state, 
but there is a growing tendency to have all mould- 
ing sands milled and blended to a specified bond 
at the pits, which eliminates the uneven and lumpy 
condition usually found in highly-bonded sands. 

Among the corebinders, the greatest variation 
is found in core oils, which still constitute the 
chief binding material for intricate cores. While 
linseed oil is still considered the standard, some 
of the prepared oils are more economical, and 
because the tendency to gum-up the coreboxes is 
greatly reduced they lend themselves better to 
high-speed production. Core oil should only be 
bought from the most reliable sources, and great 
stress should be laid on uniformity, which is much 
easier obtained by buying in tank-car lots than 
in barrels. A quick and quite satisfactory way 
of testing incoming oil before unloading is to mix 
two Lai batches of silica sand, one with the new 
oil and one with a standard oil, such as pure 
linseed (kept in the laboratory for this purpose). 
A definite quantity of each is rammed into 
briquettes, placed on the same plate, dried at the 
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customary temperature and tested for relative, 
rather than a given, strength.-. If, in addition — 
to this, the colour of the oil matches a predeter- 
mined sample, it is quite safe to put into pro- 
duction. The iodine value, etc., can be checked 
later. 

For best results, an oil that will withstand a 
fairly-high baking-temperature should be selected, 
and if the cores are inspected for defects before 
going into the ovens, even intricate cores requir- 
ing much handling in cleaning, ‘grinding and 
assembling can be produced with a 3 to 4 per 
cent, loss. 


Meeting New Demands. 


The demand of the consumers for better quality, 
greater uniformity and closer dimensions is 1n- 
creasing with every year. The amount of metal 
- to be taken off on finished surfaces by the machine 
shop is being constantly reduced until it is not — 
uncommon to have an allowance of only 1/382 in. 
on even a good-sized casting. 

Only a few years ago it was thought impossible 
to shake out thin-walled castings, such as cylinder 
blocks, before they had almost completely cooled. 
Any castings that were taken out of the sand whilst 
red hot were sure to develop a heat crack or a 
warp, and special precautions were always taken 
to avoid any premature shaking out. With con- 
tinuous pouring and the necessity of conserving 
floor space came also the development of iron that 
will withstand sudden changes in temperature 
without ill-effects, and the shaking out of castings 
while red hot is becoming the rule rather than the 
exception. Incidentally, this solution has also 
produced a superior product by greatly reducing 
the danger of cracking in service. ; 
' Various expedients, such as hollow cores, etc., 
have been resorted to in the past to produce a 
uniform hardness throughout the full dength of 
the bore, because the slow cooling condition in 
the region of the water jacket and the valve seats 
produced a softer iron. This soft section was 
usually located where the piston rings caused the 
most wear, and if the iron was made hard enough 
to counteract this condition, the flanges and thin 
sections were usually so hard that they could not 
be machined, even at ordinary speed. To-day, 
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with only slight changes im the analysis, cylinder 
blocks can be produced with a\uniform hardness 
in the bore, in which the thin sections can be 
machined at high speed. 

Another vexing problem that confronted the 
foundryman in the development of quantity pro- 
duction was the placing of risers on castings for 
the purpose of feeding, either by gravity or churn- 
ing, and this problem has been solved to a point 
where risers for any purpose can be eliminated 
on automobile castings. The greatest difficulties 
in this direction were presented by flywheels, which 
usually have a thin web and a heavy rim. Some 
foundrymen have met this situation by arranging 
the pouring basin so that it will also act as a 
feeder, but even this is not necessary if a properly 
designed strainer gate is used. 


At one time it was thought impractical to let 
anyone but experienced moulders pour the iron, 
but with the advent of continuous pouring it was 
soon apparent that the efficiency of the moulders 
could be greatly increased by relieving them of 
this arduous task. Pouring crews which did 
nothing but pour iron were therefore formed. At 
first it was attempted to teach them to judge the 
proper pouring temperatures of the various cast- 
ings and impress upon them the importance of 
skimming the iron; but during the hot summer 
months, when the labour turnover necessitates the 
constant use of new men, it was soon found that 
their knowledge had to be reduced to the simple 
operation of keeping the pouring basin, or sprue, 
filled to the top. ‘This situation was met by 
placing tin discs over the sprue, and the applica- 
tion of strainer gates which skim the iron and 
regulate the pouring temperature. While they 
have not been generally adopted, they have defi- 
nitely proved their value and usefulness in the 
making of automobile castings, because iron will 
more readily rid itself of slag and produce a more 
uniform quality if it is melted and poured at a 
high temperature. If convenient, the iron may 
be strained through openings placed in the regular 
cores, but ordinarily it is easier to make separate 
strainers for this purpose, and Fig. 2 shows a 
number of such cores and their application. 
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Pattern Equipment. 


Since the machine shop does not check for 
dimensions before setting the casting for the first 
operation, there is need of very close checking at 
the foundry. The most satisfactory way to meet 
this condition is to guarantee certain locating 
points by which the castings are set into the 
machine. This gives the foundry a chance to 
build a similar fixture in which, by means of tem- 
plates, slight variations can be adjusted at the 
locating points and greater variations can ‘be 
rejected before the castings leave the foundry. 
In malleable iron, where the annealing may cause 
some warping, the castings can be run through 
heavy power presses which make them practically 
perfect as far as dimensions are concerned, but 
in grey iron these specifications have to be met 
without such recourse. 

The first requisite in meeting these specifica- 
tions is good pattern equipment, and a great 
amount of study and attention to details is 
required to build successfully a pattern and core- 
box equipment for complicated automobile cast- 
ings, 

In order to ayoid delays and losses, not only in 
the foundry but in the machine shop as well, 
every item related to the production of a particu- 
lar casting should be. carefully planned and fully 
considered beforehand. In a production foundry 
this reaches far beyond the immediate pattern and 
corebox equipment, because it is necessary that 
machines and handling equipment be definitely 
located and the flow of the material through the 
plant be routed in advance. 

A well-equipped pattern shop is a definite neces- 
sity, especially where intricate castings are made, 
and tool equipment for both wood and metal 
should include the latest machines developed for 
this purpose. 

Some of the latest additions in labour-saving 
machines for pattern shops are the high-speed 
punches for making templates, filing machines, 
horizontal grinders with magnetic tables for grind- 
ing driers, and the automatic profiling machine. 
The profiling machine is proving especially valu- 
able in the production of duplicate patterns and 
core boxes, because any number of patterns or 
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core boxes can be accurately reproduced from 
either wood or metal models. Stripping plates 
and similar pieces can be produced from sheet 


Fie, 8.—A Sincir Cort Box ror Bence 
: Worx (Lower), anp A Munrirere Box 
FoR A RoLt-ovER MaAcHINE FOR THE 

PRODUCTION OF THE SAME CoRR. 


metal templates at a great saving of labour. 
Fig. 3 shows a profiling machine producing a gang 
core-box from a single model. 
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Due to the excessive wear, metal is the only 
practical material for production patterns and core 
boxes. Double-face match-plates, and also some 
of the larger patterns and coreboxes, are made of | 
aluminium. For small-gated patterns brass is the 
standard material, on account of the ease with 
which it can be soldered. For large patterns, and 
where great accuracy has to be maintained over 
a long period, cast iron is the most satisfactory 
material, and is therefore used whenever possible. 


The double-face aluminium match-plate with 
vibrators is extensively used for small castings 
that have to be run intermittently, because the 
changing from one plate to the other is very easily 
accomplished, and it can be used on either a bench 
or amachine. They are usually used in connection 
with snap flasks and steel bands, or slip boxes. 
Very true castings can be produced by this method, 
because the plates are centred by the flask pins, 
and can therefore be rapped only by means of 
a vibrator, which affects the dimensions of the 
castings very little. The match-plate adapts itself 
to either ramming on a bench or a hand or power 
squeezer. 

For greater quantities the so-called split pat- 
tern-plate is to be preferred. By this method the 
cope and drag are mounted on separate machines, 
and the combination joit-squeeze stripping type 
of machine is the fastest for this purpose. The 
first, or match-plate method, requires a moulder 
of considerable training, while the second method 
can be successfully performed by labourers of 
average intelligence who are willing to «xert them- 
‘selves beyond the requirements of ordinary labour. 


The cope and drag moulds of larger castings are 
always made from two separate plates, which are 
mounted on either a jolt roll-over or a jolt squeeze 
stripping machine. This practice has become 
standard, although quite a number of sand- 
slingers are being successfully used. 

For accurate results, production patterns should 
be machined all over. Where stripping plates are 
used, they should be carefully fitted, and to assure 
a minimum of wear on the pattern and stripping 
plate, also to guard against inaccuracy through 
worn machines, the stripping plate should be pro- 
vided with heavy guide pins which move in 
hardened bushings in the pattern plate. 
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Flask Equipment. 

The flask equipment plays an important réle in 
quantity production, and has a great influence on 
the quality of the castings. The flasks should 
be made of metal, have machined joints and accu- 
rately fitted closing pins. Flask bars should be 
designed so as to eliminate tucking of sand under 
the bars and setting of gaggers and nails. 

There are definite rules which can be followed 
in designing a flask for production work, and 
there, are few jobs in which gaggers and nails 
cannot be eliminated if these rules are followed. 
For instance, the moulding of a certain cylinder 
block required 78 gaggers and 42 nails, but by 
redesigning the flask, all of these were eliminated 
with the exception of eight nails. Since it also 
eliminated the tucking of sand under the bars, 
it can easily tbe seen that the ramming of the 
mould was reduced to a very simple operation, 
which could be done by any intelligent labourer. 
Special attention is necessary where hot flasks 
are rammed on jolt machines, and thoroughly 
tried rules for barring were described in a 
Paper * prepared by the author for the 1923 Con- 
vention of the American Foundrymen’s Associa- 
tion. Fig. 4 illustrates some of the rules men- 
tioned in that Paper. 


Floor and Conveyor Moulding. 


Aside from the machine, flask and pattern 
equipment, there are several methods of produc- 
ing castings in the foundry. The moulds may be 
made and set on the floor during the morning 
and early part of the afternoon and shaken out 
by a night gang, who also prepare the sand for 
the next day. 

If continuous pouring is practised, the moulds 
are usually poured by a pouring gang as fast as 
they are produced and shaken out as soon as 
they have sufficiently cooled. This method 
requires only from twenty-five to fifty per cent. 
of the flask equipment of the first method and 
reduces the required floor space by about fifty 
per cent. This reduced floor space can again be 


* Lenz, A. “¥lask Equipment for Moulding Machines,’’ Trans- 
actions. A.F.A., vol. 30, pp. 726-740, 1923, 
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cut in two by the use of gravity conveyors, as 
arranged in. Fig. 5. This has also the advan- 
tage over the second method in that it. removes 
the pouring and shaking out from the imme- 
diate vicinity of the moulders, giving thom better 
working conditions and the foundry a more 
orderly appearance. : 

The latest development in green sand mould- 
ing equipment is the power conveyor, which 
conveys the moulds through the various opera- 
tions, starting at the drag machines and ending 
at the shake out. This same system also delivers 
the sand to a central tempering unit, from where 
it is returned to bins over the moulding machines. 
One such unit produces 2,100 cylinder castings 
weighing 126 lbs. each in nine hours, with a crew 
of eighty men, or 26 cylinder blocks per man, on 
a floor space of 260 ft. by 40 ft., including the 
necessary gangway and sufficient space for the 
storing of cores; while a smaller size produces 
2,300 cylinder heads on a floor space of 120 ft. 
by 40 ft. Figs. 6 and 7 show two such units. 

In the production of medium-sized castings 
the new sand and coal dust are added into the 
system so that no special facing sand is needed 
over the pattern. The same may be done on 
larger castings, but due to the cutting action of 
the metal or the burning in at some small projec- 
tions a small amount of special facing may be used 
at certain points. 

In moulding a casting of the nature of a 
eylinder block on a conveyor, the operations are 
very closely divided. Each moulding machine is 
usually manned by a rammer, labourer and a 
finisher. The first two produce the mould and 
the finisher patches or corrects any imperfections, 
wetting the core prints, dusting and brushing the 
graphite, and setting the mould on the conveyor. 
There may be a number of cote setters, each one 
setting one or more cores, while the gauging of 
the cores may be done by a man stationed at the 
end of the core setting line. After the copes 
are set on, the operations are further divided 
into clamping, moulding of a pouring basin, 
setting of the pouring basin, pouring, taking off 
of the clamps and removing the pouring basins. 
On the shake out end the operations call for 
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removing and. shaking the cope, taking out the 
casting and loading it, shaking out the drag, 
removing the bottom board and placing bottom 
board, drag and cope flask on the conveyor to 
be returned to the moulders. All these operations 
must be well timed, because congestion at any 
one point would hold up the whole line. 


Core Department. 


In some of the production foundries, especially 
in those producing automobile castings, the core 
department occupies an important place, and its 
force may exceed that of the . foundry. A 
cylinder block, for example, may require as many 
as fifty or more separate cores, which, if stored in 
large quantities, would take up a prohibitive. 
amount of floor space. To avoid this the cores 
are produced only far enough in advance: to get 
them to the foundry in time to set into the 
moulds. Since at the end of the day there may 
not ibe one hour’s supply in the core-room, expert 
routing through the various operations is 
required. To insure accurate records and 
balanced stock, all defective cores, found either 
in the core-room or foundry, must be turned over 
to a department created for the purpose, 

Due to the intricate nature of the cores and 
the necessity of holding them to close dimensions, 
a core department of this nature requires the 
best of core box and machine equipment, besides 
a great number of gauges and fixtures. For best 
results, all cores should be made on machines 
whenever possible, and many ingenious core boxes 
and devices have been developed to make this 
possible. If small cores are arranged in gangs 
and mounted on machines, not ‘only greater 
_ accuracy is possible, but production can be 
materially increased. 

Fig. 8 shows a single box for bench work and 
a multiple box for a roll-over machine of one of 
the more difficult cores. The production in this 
instance compares with 500 to 600 cores on a 
bench, against 1,000 to 1,200 on a machine, both 
made by a girl in a nine-hour day. 

Fig. 9 shows an extruding machine producing 
two sizes of plain cylinder cores. These cores 
can be made on a bench from a split box, rammed 


with a stick and rolled on a plate at a daily pro- 
duction of 400 cores, or the cores may be rammed 
in a split box on a small jolt machine and placed 
on driers, at a production of 580 per day per 


Fie. 11.—A Core Box witn Vent WIRES 
IN Position. 


man. If extruded on a machine, cut to the 
proper length by means of a wire-cutting attach- 
ment and removed on driers, the production will 
increase to 2,700 cores of each size per day for 
six men. In each instance the quality of the 
cores improves with the increase in production. 
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Fig. 10 is ‘a view of a section of a production 
core-room, in which all cores are made on 
machines, either in single or multiple core boxes. 

The operations involved in making a core 
should be reduced to the simplest form and follow 
a standard practice. The wiring and venting 
must be determined and definitely located, or 
indicated, in the core box, so that uniformity 
may be assured. 

The best results are obtained if the venting is 
done by means of wires which are placed in the 
- core box before it is filled with sand, and with- 
drawn after ramming. This method produces 
clean, positive vents, which can be checked by 
probing with wires. To prevent the iron from 
entering the vent system all outside openings not 
needed in passing the vent from one core to 
another, or leading the gases out through the 
mould, are carefully closed with a paste made 
of graphite or soapstone. Fig. 11 shows a core 
box with vent wires in position. 

To speed up production and to insure against 
changes in the method of wiring, all core wires 
are cut and formed before they reach the core- 
maker. The forming is done in a separate de- 
partment, which is usually equipped with auto- 
matic wire cutting and forming machines, or 
where only small quantities are required, the 
bending may be done quite accurately and 
efficiently with hand-operated forming dies. The 
importance of the above can be more appreciated 
if it is realised that a foundry producing about 
four hundred tons of auto castings per day con- 
sumes approximately 500,000 core wires. 

In the production of accurate cores at high 
speed in large quantities, metal core driers are 
essential because bedding of cores slows up the 
operation, produces a rough surface, and unless 
done by an expert, destroys the necessary 
accuracy required in quality work. With the em- 
ployment of modern machines, experience, and 
a thorough knowledge of the shrinkage or con- 
traction of the metals to be employed, also the 
necessary clearances, these driers can be built very 
cheaply, 

The assembling of cores, before they are 
delivered to the foundry, commands a great deal 
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of attention, especially if they are to be used on 
conveyors where each core must be a perfect fit. 
The old: method, fitting by rubbing two cores 
together, is a thing of the past. To ensure accu- 
racy, all joints are ground on surface grinders 
before pasting, and if the ‘bores of cylinder water 
jackets are split on the centre line of the cylinder | 
they are bored out on special grinding machines, 
which will remove all irregularities. This also 
establishes a definite centre line and removes all 
possibilities of an uneven wall thickness. Fig. 12 
shows some of these grinders. Whenever possible, 
large core assemblies are put together on progres- 
sive lines, and Fig. 13 illustrates such an arrange- 
ment, in which the cores are moved along the line 
by means of gravity conveyors. 


In any automobile foundry, practically all of 
this work can be done by girls, because the pieces 
that are beyond their weight limit are moved along 
on gravity conveyors. All assembly jigs into which 
the cores are assembled are accurate duplicates of 
the mould, and every bearing surface is lined with 
hardened steel, which can be easily replaced. Since 
the locating points correspond to the core prints 
and chaplets in the mould, there is very little 
trouble in the foundry from crushes or bad_ fits, 
and the moulders are therefore not permitted to 
file or otherwise fit a core. 


Cleaning Quality Castings. 


Along with closer dimensions and better metal 
has also come the demand for better appearances 
and absolute freedom from sand and scale. The 
tumbling mill, which has served so well in pro- 
ducing the much-desired burnished appearance, is 
no longer adequate, because it is not always pos- 
sible nor practical to remove fused sand and scale 
from smal] depressions ana corners. High-grade 
castings coming into contact with the oil of the 
lubricating system must therefore be sand blasted, 
or sand blasted and tumbled. Such castings must 
also be delivered free from rust, which is quite 
contrary to the theory of seasoning in the weather 
of a few years ago. Since the cost of sand blast- 
ing, like that of many other operations, was just 
another item that had to be absorbed by the 
foundrymen, they were forced to find more 
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economical methods. The continuous sand blast, 
room, through which the largér castings are car- 
ried on chain conveyors, and the continuous sand 
blast mill, which receives and ejects smaller cast- 
ings in a continuous stream, are now performing 
this operation at a fraction of the former cost. — 

A few years ago practically all cylinders and 
similar castings were chipped with air hammers. 
With the increasing demand for this type of cast- 
ings came also a shortage of high-grade chippers, 
which even high wages could not overcome. 
Electric swing grinders and small air grinders, 
which are easy to operate, were finally pressed 
into service, with the result that they have prac- 
tically replaced the air chippers and improved 
the quality of work at a considerable reduction 


-in cost. 


Inspection and Control. 


To control the losses incident to high-quality 
intricate castings requires constant checking, and 
a well-organised and _ well-equipped inspection 
department is a definite necessity. Unless defects 
are located, and promptly and accurately reported, 
the losses can’ assume disastrous proportions. 
This is especially true when castings are stored in 
large quantities by the consumer, in which case 
the foundry should insist that a certain number be 
machined on the arrival of each shipment. ‘This 
will protect both producer and consumer. 

On many castings it is necessary to build 
elaborate checking fixtures into which the castings 
can be set and the finishes inscribed with 
hardened steel points moving in hardened and 
ground bushings. On others, where visual inspec- 
tion is inadequate, the checking can be done by 
means of gauges and templates. ~ 

A definite understanding should be had with 
the machine shop as to the extent of the foundry’s 
responsibility, especially as applied to cracked 
castings. Harmonious. relations can easily be 
maintained if, in addition to this, a capable repre- 
sentative of the foundry receives and inspects all 
rejected material at the machine shops and méans 


are provided definitely to check disputes over lack. 


of stock or errors in machining. it 
There is a growing tendency in progressive 
manufacturing institutions to operate with a 
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minimum stock of raw materials, and plants which 
a few years ago carried a sixty and ninety day 
surplus, and in some cases contracted for six 
months in advance, now operate successfully on a 
two to three weeks’ basis, which at times may be 
reduced to an even shorter period. In a foundry 
producing castings under this condition, the work 
in process and the finished castings on ‘hand may 
not exceed one day’s production in the foundry. 
If, in addition, the shipments must synchronise 
with the daily production of the consumer, the 
scheduling of output and shipments must receive 
special attention. 


Removal of Refuse. 


The disposition of refuse in a large foundry is a 
considerable item and various means have been 
devised, such as belt and pan conveyors which 
take the refuse from hoppers placed beneath the 
floor line, from which the'sand is raised to storage 
bins by means of bucket elevators. If the bins 
are placed across the railroad tracks, or arranged 
so that trucks, tramrails, monorails, cableways, or 
other means of conveyance can be placed directly 
under the hoppers, the sand can be removed very 
cheaply. 

Perhaps the most economical and novel instal- 
lation for removal of refuse is in operation in 
one of the foundries under the management of 
the author. In this case the sand is removed from 
the castings in a room situated between the 
foundry and the cleaning department, passed 
through floor hoppers on to a belt, one end of 
which is equipped with a magnetic pulley which 
removes the iron from the sand. The belt feeds 
the sand into a crusher, which pulverises all 
‘included cores and discharges into a tank of water 
from where a centrifugal pump removes the mix- 
ture of sand and water and conveys it, by means 
of a pipe line, to a swamp located back of the 
foundry. Since the water used for plant purposes 
is taken from a river bordering on this swampy 
area, the cost of transportation reduces itself to 
the power of running the pumps. and the invest- 
ment in the pumps and pipe line. 

Since this refuse consists almost entirely of 
burned core and moulding sand, and is deposited 


clean and well pulverised, there is a possibility of 
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reclaiming it, because, from all appearances, the 
oil in the core sand is weathering out very rapidly. 
’ , } | 


Application of Handling Equipment. 
According to an analysis* of Mr. Sklovsky, of 


Messrs. Deere & Company, the handling of 168 


tons of material is required to produce one ton 
of good castings in the ordinary foundry. Since, 
in most foundries, handling of material is still 
done by laborious hand methods, it, is safe to 


‘predict that the greatest development in the 


foundry industry in the next decade will be in 
reducing the handling of materials to a more 
mechanical basis. A ‘great deal has already been 
accomplished in this direction, but as in other 
labour-saving devices, the adoption of existing 
and the development of new means for this pur- 
pose has been largely confined to the production 
foundry. 

How one development may lead to another is 
well illustrated by an instance that happened in 
a malleable foundry with which the author is 
identified. Practically all the high-grade malle- 
able iron produced in America is melted in the 
air furnace, which does not adapt itself to con- 
tinuous pouring unless a number of furnaces are 
arranged so that one of them is always ready for 
pouring. This has prevented the malleable-iron 
industry from taking advantage of the benefits 
derived from putting the foundries on a con- 
tinuous production basis. Knowing definitely the 
savings that could be affected by more modern 
methods, thoughts were turned toward the develop- 
ment of some melting process that would make 
this saving possible. This has now resulted in a 
new cupola-electric furnace process which not only 
meets, but exceeds the specifications for high- 
grade malleable iron. It has made possible the 
building of a series of mould, sand-handling, and 
casting conveyors, and, together with continuous 
mills and continuous annealing ovens, marks a 
definite step forward in the production of malle-~ 
able-iron castings. 

It might be of interest to point out a few of 
the performances achieved by the application of 
labour-saving devices. By means of a crane and 
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magnet it is possible to move all incoming pig- 
iron and steel scrap from cars to stock piles, and 
at the same time supply the charging deck with 
ali the iron, including foundry returns and lime- 
stone required for a 600-ton melt, with four men. 
By the use of mechanical sand-conditioning and 
distributing equipment, two men are conditioning 
and distributing approximately 400 tons of mould- 
ing sand every nine hours. In addition to the 
large output per man-hour, the sand is cleaned of 
all iron and has a texture and uniformity of bond 
and moisture that cannot be consistently repro- 
duced on the floor even by the best moulders. On 
a conveyor, one man sets 4,200 cores weighing 
45 lbs., and six men pour 160 tons of iron into 
2,100- castings. | 


Great savings are possible by the use of electric 
lift trucks for moving platforms on which material 
is loaded, and electric and gasoline trucks and 
tractors. The most efficient means of transporta- 
tion, however, is found in the application of 
conveyors, and the tendency in the production 
foundry to adjust its principles to this type of 
transportation is growing with every year, The 
specialty foundry producing such castings as pipe, 
carwheels, radiators, fittings, ete., has the advan- 
tage in this respect, and it will only be a matter 
of a short time until the more progressive of them 
will have a continuous flow from raw material to 
the finished product. The foundry producing a 
greater variety and more intricate castings will 
find a'combination of the continuous and inter- 
mittent type of equipment the most economical, 
especially in the application of continuous core 
ovens, core delivery, and cleaning-room equipment. 


In concluding, the author wishes to state that 
his convictions in regard to the production of 
quality castings in quantities is based on a 
varied experience in both jobbing and production 
foundries, as practical moulder, core maker, 
melter, foreman, superintendent and manager. 
He recalls not a single instance where the applica- 
tion of quantity-production has not improved the 
quality of the product, improved the status of 
the workmen and resulted in great benefits to the 
producer as well as to the consumer. He is a 
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great believer in the exchange of ideas among 
manufacturers and competition by individual effi. 
ciency. His belief is perhaps strengthened 
through his close contact with the automobile 
industry, which has immensely benefited by prac- 
tising this policy in the most liberal manner. He 
realises that the great consumption and distri- 
buting facility of the United States, within its 
own borders, presents ‘a condition especially 
favourable to the application of these manufac- 
turing methods, but having spent his early life 
and received his early training on the Continent: 
of Europe, he knows that there is a great deal of 
room, if not an actual need, for more specialisa- 
tion and the economical benefits derived from the 
application of the principles of quantity produc- 
tion. 


——_—. 


DISCUSSION. 


Mr. E. Lonepen, discussing the application of | 
handling equipment, pointed to the statement that 
four men could handle a 600-ton melt, and said 
that it was very ambiguous. On the face of it, 
that would be a wonderful performance, and there 
must be a great deal more behind it. He asked 
how many men were employed in the handling of 
the material on the charging platform other than 
those on the electro magnetic, because it appeared 
to him that there were a great many more men 
required for handling and putting into position 
for the electro-magnets, so that what was gained 
on the swings might be lost on the roundabouts. 

Mr. A. Harrzy (Coventry) agreed cordially with 
the thesis put forward in the Paper, that quantity 
production did mean quality, and said it was 
obvious that where every operation was separated 
in the manner indicated in the Paper, the results 
must be better than those obtained in the ordi- 
nary jobbing foundry. Commenting on the warn- 
ing given by Mr. Arthur Henderson in welcoming 
the members and delegates that morning, as to 
the danger of men becoming merely routine 
workers, he said the problem was a difficult one. 
Under modern conditions we could not very well 
get away from that. At the same time, it must 
not be ignored by the workmen to-day that there 
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' were still fields for the exercise of their intelli- 
gence in the design of equipment and in the metal- 
lurgical problems associated with foundry work, 
that while the skill required in moulding and core 
making was being reduced toa negligible point, 
there were other problems in the solution of which 
the brains of the workers could be well exercised. 
One of the chief problems to-day in large foundries 
was the handling of material, and he prophesied 
that in the near future many of the large 
foundries here would have to adopt mechani- 
cal means of conveying material, such as were 
dealt with in the Paper. The difficulty about 
adopting quantity production methods in this 
country was that of disposing of the products 
made. Recently he had laid out plans for a 
foundry for a very large output, and with 
every mechanical convenience that could be 
‘ employed, but was up against market conditions. 
Such a foundry was definitely dependent upon a 
selling organisation that would clear the produc- 
tion quickly, but the conditions in this country 
gave us pause, because it would be disastrous if 
any hitch occurred either in production or in dis- 
posing of the castings produced due to spasmodic 
demand. ‘There was another side to the picture, 
however, namely, that such methods certainly 
reduced costs, and that in itself would probably 
create the necessary market. 


Mr. Horace J. Youne, F.1.C. (London), in a de- 
nunciation of intensive price cutting, referred to a 
foundry which was turning out 100 to 120 tons 
of castings weekly without making a profit. The 
question would arise in the minds of his hearers 
whether that foundry made castings at a com- 
petitive price, and he could state that the cast- 
ings in question were manufactured at a cost of 
8s. to 10s. per cwt. Something more than 
economical mass production was involved. In his 
opinion our foundry troubles in this country were 
due partly and mainly to the cut-throat trade that 
existed. There were a number of founders in this 
country willing to make castings at a loss, thus 
deliberately ruining the industry. He knew of 
foundries which could not get work save at a loss, 
and when a foundry produced castings at less 
than 10s. per cwt. and yet could not make a profit 
it proved there was something radically wrong at 
the core of the foundry trade. 


THE PRACTICAL UTILISATION OF APPARATUS | 
FOR MEASURING THE PERMEABILITY AND 
COHESION OF MOULDING SANDS. 


By R. Lemoine, Paris. 


[French Exchange Paper. ] 


INTRODUCTION. 


Although no precise information is available 
as to the intimate constitution of moulding sands 
and their behaviour in service, the experiments 
made in recent years have resulted in the design 
of apparatus for measuring the gas-permeabili y 
and cohesion at ordinary temperature with any 
given percentage of humidity. 


In the present state of our knowledge of these 
sands, the methods outlined by the “ Committee 
for Testing Sands” of the American Foundry- 
men’s Association must be regarded as most 
nearly approaching the object in view. This does 
not, of course, imply that the principles adopted 
in these tests are the only ones capable of being 
applied to the measurement of certain complex 
properties of sands, because it would be quite pos- 
sible to evolve other methods and devices for the 
purpose; but as a choice has to be made and the 
methods referred to above have the advantage of 
having been widely used for some time, and the 
results have been found to be sufficiently accurate 
and inter-comparable, at least where the necessary 
precautions are taken, it is the methods of the 
A.F.A. that have been considered in the present 
paper. 

As stated above, these methods enable the per- 
meability and cohesion at ordinary temperatures 
to be measured, while, actually, what it is neces- 
sary to know is the value of these properties at 
te temperatures, or, at least, those properties 
that have a direct bearing on foundry conditions. 
Nevertheless, a knowledge of the properties at 
ordinary temperature is of great interest to the 


foundryman, especially if applied in accordance 
with specific directions. It is the object of this 
Paper to explain broadly what the rules are. 
The questions to be settled in foundries in con- 
nection with moulding sands fall into the 
following three categories: —(1) The careful selec- 
tion of the mixtures intended for use for a 
specific purpose, both as regards their composition 
and the method of preparation; (2) a proper 
method or methods for checking the uniformity of 
the raw materials used in the preparation of the 
mixtures; and (3) a proper method or methods 
of checking the mixtures prepared, with a view 
to securing the regularity of the operations they 
have undergone, and constancy of properties. 


I.—Contyrol of the Mixtures. 


Composition.—To enable the mixtures to be 
prepared quickly, considerable knowledge of the 
raw materials themselves is necessary. EHxperi- 
ence of this kind is difficult to acquire, and in 
addition to its immediate interest, it ought to be 
sufficiently comprehensive, enabling subsequent 
problems to be tackled, especially those coming 
into the second category above mentioned. 

It is common knowledge that the action of the 
metal at high temperature, or at any rate the 
action on the surface layers of moulds, generally 
consists of a drying or baking of the bond and 
fragmentation, more or less pronounced, of the 
erains. Sand, when it has been acted upon in 
this way, loses its cohesion and permeability, 
owing to the loss of some of the bonding con- 
stituents and the increased percentage of fine 
particles. 

One of the functions of new sand which is 
added to old sand in order to form a mixture, 
consists in supplying to the whole, grains’ which 
aerate it, and fresh bonding material which, 
after being suitably prepared, restores permea- 
bility and cohesion to sufficiently high values, 

Tt will thus be seen that, for a given type 
of output, a sort of balance must be established 
by means of which the composition of the mixture 
(proportion of new sand to old) and the prepara- 
tion maintain at a constant the permeability and 
cohesion of the mixture, during subsequent 
operations, 
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Obviously, the very existence of this balance 
depends upon the fresh sand available and the 
branch of foundry work involved. It may, how- 
ever, be impossible to ensure this, especially if 
very complex properties are involved dependent 
on the intimate nature of the sands used and 
which are impossible of investigation in regard 
to such points as refractoriness, its effect on the 
skin of the castings and abrasion by the metal, 
etc. 

If one examines what takes place in practice, 
it will be seen that it is quite possible to proceed 
by comparison and start from a basis that has 
been experimentally established. Sand control 
therefore amounts to adapting the composition of 
the mixtures and their preparation, or, in a word, 
to the sole determination of the equilibrium 
factors outlined. This should certainly be carried 
out in many foundries, even in those which insist 
that they are satisfied with their moulding sands, 
but which, periodically and because wasters 
increase, reject a portion of their old sands to be 
distributed in new material. 

This general control is simple to achieve: it 
amounts to assuring constancy of permeability 
and cohesion, by controlling the composition of 
the mixture, or its preparation, as will be shown 
further on. The. properties are, of course, 
‘measured with the aid of certain apparatus. 

The question is more difficult where a new pro- 
duct has to be tested. It is not usual to start 
entirely with new sand and allow it to age in 
service, but this would certainly be the best way 
of following the evolution of the properties of the - 
sand, and of the efficiency with which it was 
prepared—in a word, of studying the factors that 
go to make up ‘‘ balance.’’ 

It would be extremely interesting and would 
reduce experimental work if it were possible to 
compare simultaneously a new material with those 
which are being used already and whose practical 
properties were, of course, known. Foundrymen 
are unable at present to measure directly all the 
factors that control the behaviour of sands in 
service; the chemical, mechanical and _ other 
special methods of analysis and tests are still 
‘insufficient, probably due to the part played by 
the intimate constitution, nor can these methods 
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enable one to compare two sands in a practical 
way. It is possible, however, that the variation 
of certain measurable properties under the 
influence of a known factor forms a valuable 
guide. Moreover, one may conceivably do with- 
out the individual knowledge of all these elements 
of the intimate constitution and content oneself, 
for practical purposes, merely with the effects of 
their variation under definite conditions. 

Among the discoveries made, there are one or 
two special features of interest, e.g.:— 

(1) When investigating the variations in_per- 
meability and cohesion of a number of sands in 
terms of humidity, it is found that the resultant 
curves plotted are of different shape. In many 


‘cases, working with, say, from 4 to 10 per cent. 


of water, each of the properties passes through 
a maximum. In rarer cases, the maximum is only 
reached for higher percentages, and, for the 
cohesion in particular, it may only be attained 
at towards 15 and even 20 per cent. 

The slope of the curves and the position of 
their maxima are points of importance. As 
regards the shape, the branches may be at a 
greater or lesser distance from the horizontal, 
which means that the permeability and cohesion 
of the corresponding sands are more or less 
sensitive to humidity. As regards the maxima 
of the curves, three cases may arise: the permea- 
bility and cohesion are the same with the same 
percentage of water; or the permeability is 
reached with a lower or a higher percentage of 
water than that of the cohesion. ' 

All these characteristics unite in the effect to 
produce factors that cannot be distinguished 
individually, such as quality, plasticity, capacity 
to absorb bond, its distribution in relation to the 
grains, the behaviour of small particles which do 
not play the part of an active bond. 

The very few experiments that have been 
carried out on these points furnish an insight 
into the practical interest which may be expected 
from the minute study and comparison of one 
sand with another in these respects. An example ~ 
of this will be given later on. 

(2) Simple and studied use of the American 
device for moulding the permeability test speci- 
men shows that all sands do not behave alike 
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when rammed. The reduction of volume they 
undergo under the same stress is variable. They 
attain, more or less rapidly, a maximum compact- 
ness, after which the blows of the rammer do not 
appreciably reduce their volume. Again, for the 
same humidity and the same ramming stress, the 
hardness, measured by means of the ball device 
designed by Mr. E. Ronceray, is just as variable 
as_the permeability. 

Here again the size of grains, their shape and 
all the properties of the bond. intervene. 

(3) By applying the hardness test indicated by 
Mr. Dietert,* supplemented by curves showing 
the variation of the permeability and cohesion 
after heating, in terms of moisture content, and 
comparing these results with those found before 
heating, information of a highly practical nature 


“may be obtained. 


There is hardly any need to dilate upon the 
measurements that might be thought out for com- 
paring the behaviour of sands in service with pro- 
perties that could be investigated before using the 
sands, with a view to comparing the materials 
against each other, 

In each special case the experiments most likely 
to be useful should be taken, bearing in mind 
that those in which the moisture is the variable 
factor are often best, in view of the part, played 
by moisture. 

Generally speaking, the methods only involve 
measurements, in the cold state, of the permea- 
bility and cohesion. Sometimes special experi- 
ments are made when elaborating moulding sands, 
especially in the case of sand for steel foundries, 
where the refractory properties, with their com- 
plexities, play a part. 

Although the author has had occasion to make 
a few tests covering these questions, it would be 
clearly beyond the scope of this paper to outline 
them, and a single example will be given later 
of what is possible. 

Of the two parts which go to make up a mould- 
ing sand, viz., the grains and the bond, the 
former is generally sufficiently refractory for steel 
foundry purposes; but this is not the case with 
the latter, the function of which may be extremely 


— * “Commercial Application of Moulding Sand Testing.’ ‘Trans. 
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variable. A sand cannot be considered as a 
homogeneous substance in respect to its, refrac- 
toriness, and while it is true that, most of the 
time, the two parts cannot be regarded as behay- 
ing in distinct ways at high temperature, a 
certain measure of independence does exist. The 
bond, in particular, undergoes attrition (grésage) 
and in certain cases assumes a consistency such 
as to strengthen cohesion without altering the 
permeability, or, conversely, it ruins cohesion and 
permeability at high temperatures. 

In a problem of this kind, where a lack of per- 
meability or cohesion in the hot state was 
exhibited by special defects in the castings, the 
following experiment was made :— 

Permeability test samples were prepared and 


heated to different temperatures by a method that. 
had been thought out beforehand with a view to) 


preventing the breakdown of the cylinders. The 
permeabilities were then measured in the cold 
state, as it must be remembered that the con- 
stitution at high temperature must be maintained 
on cooling. In practice, there is merely a differ- 
ence in the volume of the gases to be removed, 
this volume being a function of the temperature, 
and although it was impossible to do this, the 
difference in question could be calculated and 
taken account of, and this would, of course, still 
further accentuate the alterations found. The 


figures found are plotted in Fig. 1, which exhibits . 


a very appreciable diminution in permeability at 
a certain moment, and, reaching a minimum 
towards 1,150 deg. C., afterwards increases. 
With a view to linking up these results with the 
behaviour of the bond, the sand was investigated 
separately after washing. This investigation 
showed that the part AB of the curve gives the 
attrition (grésage) of the bond, this phenomenon 
being accompanied by considerable expansion of 
the material, terminating in its melting and 
gradual contraction from about 1,160 deg. C. 

It may be mentioned, incidentally, that this 
action of the bond on the properties of sand at 
high temperatures does not only depend upon its 
nature and refractory properties, but also 
apparently to a considerable extent on its dis- 
tribution and adherence to the surface of the 
grains. What is termed the ‘fixed bond” 
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apparently plays an important part in this con- 
nection. ees 
For a given product, at all events, the higher 
the properties in the cold state, i.e., the more 
perfect the distribution of the elements, the 
better the properties at high temperature. ; 
This is perfectly logical if it is borne in mind 
that the action of the bond is always expressed 


MELTS. 


s 
a 
© 
< 
us 
rt 
we 
ws 
a 


500 700 Goo 1100 1300 1600 
HEATED To DEGREES C. 
Fic. 1.—Prermerasitiry or Wasnep SANnp. 


by the same diminution in the properties in what- 
ever way it may be distributed. In the light of 
initial experiments made in this matter this hypo- 
thesis seems superfluous, the better the bond is 
distributed around the grains, the less its ten- 
dency to act separately at high temperature to 
produce the deleterious effects mentioned. 


Preparation. 


Assuming the existence of old and fresh sand, 
the preparation of the mixtures consists in dis. 
tributing as uniformly as possible around the 
grains the bond and the small particles that 
adversely affect permeability and which cannot 
be eliminated. This operation is generally fol- 
lowed by a separation of the grains that have 
been covered in this way, this action being pro- 
duced by means of the disintegrator. 
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It is well known that by properly preparing a 
mixture, its permeability and cohesion when cold, 
and also when hot, are augmented. The proper 
control is just as important, therefore, as the 
composition, and it may easily be carried out by 
means of apparatus for measuring these proper- 
ties. In a given foundry the machines available 
in the sand shop are generally pretty much the 
same, and attention should therefore be directed 
particularly to the method of preparation. 

In practice there are two processes for getting 
the distribution of the bond and the sand grains: 
the first consists in thoroughly mixing the old 
sand and the new in the dry state, and then 
wetting the mixture; the other consists in wetting 
the mixture first and then subjecting it to mull- 
ing in order to get the desired distribution. 

The first advantage of permeability and _cohe- 
sion tests is to show that, in the majority of 
cases, the second of the two above methods is 
preferable to the first for natural sands. The 
reasons for this are pretty simple, but the fol- 
lowing are a few of them:— 

(1) Except in special cases, it is undesirable to 
crush the grains, because, as mills are generally 
used, this fragmentation is considerable ‘whien 
working in the dry. 

(2) If it be desired to distribute the bond in 
the form of a layer around the grains, then the 
bond must be plastic, i.e., moist, because if dry, 
merely mixing and not distribution is effected. 

(3) The plasticity of a bond, which is a clayey 
material, depends, apart from its own nature, on 
the amount of water it may absorb colloidally. 
Tt is better therefore to leave its natural water, 
because it is impossible to say ever whether it 
may reabsorb it after drying. 

(4) It is a common notion that kneading a 
moist clay increases its plasticity—another reason 
for working the sand with water. 

There are, however, raw materials which are 
difficult to incorporate in used sands without 
previous drying. Such products are those in 
which the bond is naturally very badly distri- 
buted aud forms nodules of clay distributed over 
the mass. These nodules become covered with 
all the dry powder of the old sand, assume the 
consistency of rubber, and are no longer able te 
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cover the grains, whereas, if previously dried, 
they disintegrate. 

’ It is sometimes possible with these materials to 
obtain good results by proceeding as follows: 
Pure new sand is mulled by adding the necessary 
water for moistening the mixture. The nodules 
become very plastic and are distributed around 
the grains. The old sand may then be added. 
In other cases it is of advantage to mull the fresh 
sand simply with the natural water it contains in 
it, and to add to it afterwards the old sand suit- 
ably moistened, 


The Addition of Clay to Sand Mixtures: 


A certain percentage of clay is sometimes added 
to a mixture to increase, say, its cohesion. The 
results differ greatly according to ,whether this 
Clay is added in the powdered form or in the 
form of a thin paste prepared in advance with 
the aid of the water that must be incorporated in 
the mixture. In the course of an experiment 
carried out-by the author, the additional quantity 
of clay necessary to obtain the same cohesion was 
cut down by half by means of the second process, 
with considerable benefit to the permeability. 


These examples have been mentioned to show 
the importance of moisture in all these questions; 
for it must be remembered that this factor plays 
an outstanding part through the plasticity of the 
bond. 


If the work of a muller be carefully studied, 
and curves be plotted showing the variation of 
the properties of sand in terms of time of muller, 
it will generally be found that: (1) Permeability 
begins to diminish more or less appreciably, 
afterwards increasing and reaching a value that 
is practically constant after a certain time, this 
latter being variable, and (2) cohesion also tends 
towards a kind of limit. 

The initial diminution in permeability is due 
to the fragmentation of the grains at a time 
when they are not sufficiently protected by the 
bond. This protection is really good distribution 
of the bond, or, put another way, the maximum 
good properties are more quickly reached when, 
other things being equal, the plasticity is very 
high. 


As time is an important matter in the sand 
preparing shop, it is sometimes regarded an 
advantage to carry out the mulling operation 
with an excess of moisture, allowing the mixture 
to dry slightly before using it. Hn passant, it 
is desirable to examine in this connection sands 
which, in the crude state, exhibit maximum per- 
meability, and, more specially, cohesion, for high 
percentages of water. 

In this respect the following experiment may be 
mentioned: Three parts of the same mixture 

- were worked up in exactly the same way, but with 
different percentages of water, viz., 5, 7 and 9 
per cent. The percentage moisture was then 
standardised at 7 per cent. (the sand with 5 per 
cent, moisture having been wetted by 2 per cent. 
and the sand with 9 per cent. moisture dried in 
air for a sufficient length of time). The per- 
meability and cohesion after this operation were 
not the same. For the portion of sand mulled 
with 9 per cent. water these properties were 
higher than the others by 15 and 20 per cent. 

This case is probably not general, but it shows 
the importance of studying these questions where 
the products actually available have to be used. 

From the standpoint of the preceding remarks 
an attempt might be made to draw up a pro- . 
gramme for the preparation of a definite mixture 
with a view to obtaining the highest possible 
properties in a time compatible with the necessi- 
ties of production. 

Assuming, for instance, a sand mill with con- 
stant characteristics (weight of runners, width of 
runners, speed of rotation of the pan), then three 
related factors should be investigated: (1) Thick- 
ness of sand placed in the pan; (2) time of 
mulling; (3) moisture. The thickness of sand 
plays an important part relatively to the crushing 
of the grains and the extent and intensity of 
mulling. 

The time of mulling is related to the per- 
centage of moisture in view of the properties to 
be obtained, and governs with the thickness of 
sand the production of the apparatus. Moisture, 
of course, plays the part already mentioned. 

It is convenient to determine first of all, 
according to practical requirements, the time of 
mulling and the moisture; information on this 
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latter point being obtained, as already stated, by | 
curves showing the variation in the properties of 
sand in the raw state. The effect of the thick- 
_ hess of sand is then investigated by permeability 
and cohesion measurements. When the two other 
factors have been determined, the time of mulling 
and, finally, the moisture, should be studied. 

Sufficiently accurate information will then be 
available in order to determine the conditions 
under which the operations are carried out. It is 
not meant to imply that the investigation should 
be systematic, because this would mean varying 
highly complex and closely related factors; but 
the rough-and-ready method suggested may be 
extremely useful in the process of sand control. 

A great advantage of this method is that it 
gives information as to the effects of daily varia- 
tions in the percentage of water in the mixtures, 
and enables the limits of such variations to be 
fixed. Certain products are more sensitive than 
others to these fluctuations, and so require 
greater care and attention. Since these experi- 
ments are not made in the laboratory, but in the 
sand preparing shop it is necessary to be able to 
determine the moisture, as well as the other pro- 
perties, very rapidly and, if necessary, at some 
expense of accuracy. 

An apparatus of the kind suggested by H. 
Dietert* is very satisfactory in this connection. 
It may be formed of a tube (A) (Fig. 2) closed at 
the top by a plug (B) containing an electric 
heating wire and containing inside a compressed 
air pipe. The bottom of the tube (A) contains a 
small sieve (D) supported on legs. The electrical 
part of the device comprises a rheostat and an 
ammeter. 

After having inserted the sieve (D) containing, 
say, 10 grams of sand, the current and flow of 
air are adjusted so that the temperature on the 
sand is 200 deg. O. Perfect drying is therefore 
effected in a few seconds. The loss of weight 
gives the quantity of water contained in the sand 
under investigation, this quantity being expressed 
as a percentage of dry sand by means of a chart 
prepared in advance. To accelerate operations it 


| * H. Dietert. “ Commercial Application of Moulding Sand 
Testing.” Transactions, A.F.A., Vol, xxxii, Part IT, 
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may be possible to add a weighing device which 
would directly indicate this percentage. 
Obviously, once the adjustment has been made, 
it is not necessary to do it over again for each 
determination. It will be seen that the sieve has 
been adapted so as to give very quick drying. A 
small disc (D) collects the portions of sand that 
may have been forced through the sieve by the 


Fic. 2.—PERMEABILITY APPARATUS OF THE 
Dierert TYPE. 


compressed air. Once an apparatus of this kind 
is hot, it’ enables a humidity determination to be 
made in three minutes, and only five minutes are 
required for heating up. 


II.— Controlling Raw Materials. 


With a view to obtaining the continuity of 
results that is desirable in manufacture, new 
sands reaching the foundry must be checked with 
a view to recording any variations they may 
exhibit before an increase in wasters calls atten- 
tion to them. 

This control is dificult to organise, and among 
all the methods of investigation that have been 
examined, the foundryman must ascertain which 
of these should be adopted in his case. The strata 
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in sand-pits are rarely uniform ‘and homogeneous, 
but one might assume that, apart from a few 
differences in chemical analysis and mechanical 
properties, the products obtained when of the 
same geological origin must be practically con- 

stant as regards their intimate constitution. 
This is not always the case, however, and 
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although the question has not yet been investi- 
gated to any great extent, differences have been 
found. The following example may be quoted. 

A new sand used in a steel foundry and 50 per 
cent. of which was used along with old sand to 
form the mixture, was giving satisfactory results, 
when, a further consignment having ‘been de- 
livered, the percentage of waster castings began 
to rise rapidly. The mechanical and chemical 
analyses carried out on the fresh product did not 
reveal any appreciable difference compared with 
the sand previously used, but an investigation of 
the variations in permeability in terms of 
moisture showed a marked difference. The curves 
obtained are shown in Fig. 3. They take the 
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same form, but exhibit a deviation from the hori- 
zontal corresponding to about 2 per cent. of 
moisture. The percentage of water used: in pre- 
paring the sand and moulding is 7 per cent., so 
that, in view of the slope of the curves, the 
difference in permeability is considerable. 

The control of the preparation was resumed 
according to the broad outlines given above, with 
a result that the dotted line- was displaced and 
sufficient permeability obtained. The percentage 
of wasters then decreased rapidly. The cause of 
the difference in behaviour of the two products 
was never known, but it is none the less true that 
the knowledge of this difference, had it been 
gained before using this fresh sand for moulding, 
would have prevented the rejection of a number 
of castings. 

This is a fairly typical example, and shows what 
may be done by careful investigation with a view 
to controlling these methods, which have been 
mentioned as a supplement to the ordinary 
analysis to ensure practical comparability of two 
natural sands. 

Among the methods that may be used, a choice 
must obviously be made, because it would take 
too long to apply all of them, and, moreover, 
they are all related to each other, and in the case 
quoted it is highly probable that the curves 
showing the variation of cohesion would have 
revealed the same kind of difference. j 

It is very difficult to give in this Paper precise 
. rules, because it only deals with the subject in a 
general way; but it is certain that, where the 
arrangements at the quarries enable a definite 
check to be made of the uniformity of their pro- 
ducts, it will be useless and ineffectual to make 
chemical analyses on material from each consign- 
ment; it will be preferable to rely upon the help 
of apparatus .for measuring permeability and 
cohesion rather than on special measurements of 
the kind that have been discussed. 


1I.— Controlling Prepared Sand. 


The thing here is to know at what moment 
these control operations should “be exercised. If 
one examines what takes place when mixtures are 
utilised it will be found that, for moulding opera- 
tions, a material is used which comes from the 
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sand preparing plant. It is rammed by some 
means or other, and the decrease in volume which 
it undergoes, assuming the force applied and the | 
product to ‘be the same, depends upon the mois- 
ture in the sand at that moment. When casting 
in green sand the surface layer dries more or less 
during the time which elapses between the making 
of the mould and the arrival of the metal. If 
the mould is stoved, it dries completely, and is 
even baked sometimes. Finally, during casting, 
the qualities of the mixture undergo unknown 
variations. In the whole of -this cycle the per- 
“meability and cohesion undergo changes, but their 
successive values are correlative and _ inter- 
connected. 

The methods of preparation govern the values 
A. of the properties of the mixture. The moisture 
at the moment of moulding governs the ramming 
and leads to other values B. The subsequent 
treatments to which the moulds are subjected 
give fresh values C for the properties, which 
finally assume still further values D during the 
operation of casting. Obviously it is these last 
values that have the greatest influence on the 
results, but they cannot be measured, especially 
for control purposes. The values that it is most 
important and convenient to control are the 
values B, and they must be kept in mind in any 
daily investigation. Their measure forms a kind 
of specification test of the products supplied by 
the sand department of the foundry. Once these 
methods are properly defined and controlled, an 
apparatus for determining moisture will be a 
sufficient guide in its work. 

As regards this evolution of permeability and 
cohesion, it may be mentioned that the values C 
corresponding to stoved mixtures often do not 
differ greatly from the values B, at least in 
respect of the first of these properties. But this 
does not prove that stoving is useless, but shows 
that it simply acts by greatly decreasing the 
quantity of gas that has to be liberated, because 
it takes a great deal of the water from the sand. 


Conclusion. 

The author has attempted to show that appara- 
tus fer measuring permeability and cohesion in 
the cold state, when employed according to cer- 
tain methods, may be of great service in the 
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foundry. ‘Ihey enable the best way of utilising 
the products to be determined, and_ the 
uniformity of such products to be controlled day 


by day with a view to obtaining uniformity of © 


results in manufacture. ’ 

Except as regards the question dealt with in 
the last paragraph, in the light of what has been 
“said isolated measurements of the properties of 
sands should not be undertaken, as very often 
they signify nothing, whereas curves of variation 
plotted according to a fixed method and with a 
definite purpose in view are generally productive. 


DISCUSSION. 


Mr. W. H. Pootz said there was no doubt that 
foundrymen would have to pay more attention 
to sand in the future than they had done in the 
past. Generally speaking, the condition of the 
sand did not receive the attention it warranted 
until some definite trouble arose, and usually 
there was no system adopted for the maintenance 
of definite sand conditions. During the last 
twelve months at his foundry each section had 
been entirely cleaned up at regular intervals of a 
month or six weeks, the sand being re-conditioned 
and put back again. The results were astounding 
from the point of view of the quality of the cast- 
ing and the skin obtained, and, incidentally, from 
the point of view of the saving of sand. It was 
surprising to him that those responsible for the 
supply of sand did not pay more attention to 
grain selection, because the variation in_ the 
quality of the sand from the same pit month by 
month was astonishing. A firm supplying sand 
would be amply repaid if they made periodical 
tests with a view to keeping sands in a definite 
condition, irrespective of whether they were 
having trouble or not. He mentioned the case of 
one foundry which, when trying new sand, 
obtained remarkably good results for the first 
week or two, but after a month or more the whole 
condition of the foundry floor altered. By com- 
paring the previous sand conditions to the new 
sand conditions they had come to a new under- 
standing of how to change the mixtures and keep 
them in good condition. In connection with steel 


moulding they made it a practice to test the 
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moisture content of the batches of facing sand all 
round the foundry, and in green sand steel 
moulding the number of wasters produced as the 
result of bad sand conditions was reduced to an 
absolute minimum by that simple moisture test. 

Mr. J. KE. Frercuer (Consultant to the British 
Cast Iron Research Association) dealt with the 
questions of the mixing of sands and their per- 
meability. He believed that many sand research 
workers lost sight of a very practical point con- 
cerning sand in a mould. When metal was poured 
into a mould only a very short interval elapsed 
before shrinkage began; immediately shrinkage 
set in, and the metal surface contracted from, 
the mould face—except, of course, where the 
_casting was resting on its base—our ideas 
about the permeability and conductivity of sands 
began to be disturbed. Between the metal and 
the mould there was a space through which cold 
air was rushing at a speed very much higher than 
we might perhaps at first imagine. The heat was 
not taken up by the sand at the rate we often 
imagined; at the actual contact surfaces at the. 
bottom of a casting the heat was being conducted 
at one rate, whereas in those parts where the sand 
had left the casting there was an undoubtedly 
different rate of heat conduction. He did not 
think that point had been sufficiently stressed. In 
many cases he had dealt with, where large 
steel castings were shrinking to the extent of } in. 
to the 1 ft., and where, in a short time, there 
was a space of } or 3 in. between the sand and 
the casting, these questions concerning the perme- 
ability of sands assumed quite another aspect. 
After all, however, it was the permeability dur- 
ing the contact of the molten metal and the sand 
that mattered. While in America last year he 
had had an interesting conversation with Mr. Die- 
tert, and with Mr. Harrington, his collaborator. 
They were trying to evolve a gas permeability test 
on the mould in actual contact with the metal— 
the apparatus being not unlike that sketched in 
the Paper—so that the gases could actually be 
drawn from the face of the mould. The question 
of the mixing of sand affected the permeability 

uestion functionally in a most important way, 
He had seen sands taken repeatedly from the 


bottom of a certain measure which had never | 


given trouble, but as soon as he had Teceived 
deliveries from the same sand pit under certain 
conditions, sand from the top and the bottom 
being mixed together, a great deal of trouble was 
experienced. Referring to the curye in Fig. v4 
where M. Lemoine had drawn attention to the 
permeability of washed sand, he asked if it were 
possible to give a comparative curye of the same 


sand before being washed, because he had found 


such a comparison to be very useful. It was most 
difficult to get a permeability value which one 
felt was a practical one, and although the papers 
which were coming before the Institute in con- 
nection with sand were most valuable, it must be 
remembered that all these workers were dealing 


with the subject progressively and had not settled | 


-anything yet, but they were on the way towards 
solving some of the most difficult problems 
in sand research. The British Cast Iron 
Research Association very much valued every 
contribution of this sort, because they were 
a very great help to those who were try- 
ing to’ get some little knowledge of this big 
subject. 


Mr. Corin Gresty (Newcastle), referring to 
Fig. 1, said that the curve gave its permea- 
bility of sand heated to different temperatures, 
but no indication was given of the permeability 
at normal temperatures. It was to be assumed, 
apparently, that from the peak at the point A the 
curve would go down towards the left, but he 
asked if that could be confirmed, because it rather 
indicated that from ordinary temperatures up to 
about 700 deg. the permeability of the sand was 
gradually increasing. 

Mr. Horace J. Youne, F.I.C. (London), was 
exceedingly glad to hear that the British 
Cast Iron Research Association were taking 
up the attitude indicated by Mr. Fletcher. At 
the Glasgow Convention he had got into hot 
water for pointing out that many tests then 
being applied to sands were of little practical 
use so far as he could see, particularly in 
relation +o permeability to gases. There 
seemed to be a misconception among foundry- 
men that the gases and the heat from the 
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casting rushed through the sand, but, so far as 
he had observed; nothing of the kind occurred 
and in the hot mould process one obtained 
very much evidence to the contrary. He . 
had observed that about an hour after a 
large casting had been poured a_ pyrometer 
which was placed an inch or so away from the 
metal had not altered, and he believed that had 
the hot gases been passing through the sand the 
pyrometer would have shown it. Actually they 
came out where there was a vent or joint. He 
agreed with Mr. Fletcher that we must alter our 
methods of investigation of sand, particularly 
on the question of permeability. A core might be 
permeable, but he did not think the sand outside 
the casting was permeable except it was thor- 
oughly burned. One factor which had to enter into 
this investigation was that of conductivity, and it 
would be found that, while we were now usin 
chills, which were not permeable at all, we should 
in the future—perhaps after many years—be 
using sands of different conductivity, which would 
give the effect of a partial chill at those points 
where the metal needed to be densest. Therefore, 
he hoped the British Cast Iron Research Associa- 
tion would investigate sands not only from the 
permeability point of view, but also from the 
point of view of conductivity. 


Mr. J. G. A. Sxert (B.C.1.R.A., Sheffield) 
pointed to the variables occurring in sands, and 
urged the necessity for first investigating 
thoroughly one particular sand, and then gradually 
to apply the knowledge so obtained to a group 
of bands. That was the plan adopted by the 
British Cast Iron Research Association. ‘There 
were two variables which were most important in 
the investigation of sands, namely, the degree of 
ramming and the degree of moisture present. In 
America and on the Continent, up to the present, 
ramming had not been taken into such great 
account as it should have been, and one- found 
that the results obtained by investigators could 
not be correlated. American methods, which 
Mons. Lemoine seemed to half advocate, were not 
suitable for British sands, because the latter were 
generally of finer grain and stronger. Also fully 
half the British sands were red sands, which were 
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unknown on the Continent and in America, and 
which had well-known characteristics of their 
own. Referring to the reference in the Paper to 
the need for a knowledge of the behaviour of sand 
at high temperatures, he said he had done a 
certain amount of work in that direction, but the 
difficulty was to maintain the high temperature 
necessary. He assured Mr. Young that research 
on conductivity and specific heat of moulding sand 
was being undertaken. 
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RESULTS OBTAINED IN THE IMPROVEMENT OF 
THE QUALITIES OF CAST IRON. 


Ree 


By Louis Piedboeuf. 


[Belgian Exchange Paper. ] 


High-tensile cast irons generally have a struc 
ture that is almost entirely pearlitic, though some- 
times high strengths are obtained with cast irons 
having a pearlitic and ferritic structure, provided 
the graphite is distributed in sufficiently fine | 
lamelle. 

Maurer’s cast iron diagram may be very useful 
for classifying and comparing the various high 
quality cast irons. This diagram subdivides the 
cast irons according to their texture, in terms of 
carbon and silicon content. It was suggested for 
the first time by Engineer Maurer, of the Krupp 
Works, in a Paper on high-tensile cast irons as 
produced by Krupp. He was dealing, of course, 
with good machinery castings, having a phosphorus 
content usually below 0.60 per cent., with 0.50 to 
1.0 per cent. manganese. In cast irons of this 
kind, the structure depends on the carbon and 
silicon contents, assuming, of course, that the 
speed of cooling is kept within certain limits. 

The diagram (Fig. 1) is plotted by giving the 
carbon contents in terms of silicon. The hori- 
zontal line HH’, at 1.7 per cent. C., shows the 
limit between cast iron and steel. The point B is 
determined from the assumption that steels con- 
taining 2 per cent. of silicon may be cast without 
graphite forming. The point-C, with 7 per cent. 
silicon, is derived from Guillet’s researches on sili- 
con steels. The point A corresponds to the eutec- 
tic containing 4.3 per cent. of carbon. 

B is projected to B’ on the line HH’; and D, 
which is the intersection of AOC with HH’, is pro- 
jected on the abscisse, when it will be found that 

CAB = the region of white cast iron. 

BAD = the region of pearlitic cast iron. 

Above AD is the region of ferritic and graphitic 
cast irons. 
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BAB’ = region of cast irons intermediate 
between white and pearlitic cast irons—those 
which contain pearlite and cementite, i.e., 
mottled irons. 

DAD’ = the region midway between pearlitic 
and ferritic cast irons, 7.e., those containing pear- 
lite and ferrite. 

B/AD’ = the region of pearlitic cast irons. 

This diagram, plotted from theoretical con- 
siderations, has been verified by numerous ex- 
amples in practice, nearly all of which have con- 
firmed the correctness of it. The diagram may 
be checked by any laboratory having available the 
results of chemical analyses and micrographic in 
vestigations. 

Maurer included in his diagram cylinder cast 
irons and Krupp special cast irons, as also the 
results of laboratory tests carried out by Wiist 
and Bardenheuer. The appended diagram has 
been supplemented by points showing a whole col- 
lection of special irons, pearlitic irons, and semi- 
steels. 

The point F (see Fig. 1) corresponds to informa- 
tion given by Bauer in 1923 to characterise (dis- 
tinguish) pearlitic cast irons obtained by the Lanz 
process. Not much data has been published on 
this method. In a Paper published in ‘‘ La Fon- 
derie Moderne,” August, 1925, Monsieur Buffet, 
engineer of the Société Alsacienne, gives as the 
distinguishing feature of the Lanz pearlitic cast. 
irons: C + Si = 3.8 to 4.2 per cent. The corre- 
sponding zone in the diagram is that included 
between the two parallel lines OP and MN. Part 
of it comes within the space occupied by the 
mottled irons, ,i.e., those with an excess of 
cementite. This is quite as it should be, because, 
in the Lanz process, the pearlitic structure is 
obtained by heating the mould. 

The circle KC circumscribes Krupp steam engine 
cylinder irons, and the zone KS the special high- 
tensile irons of the same firm. 

Point E is derived from data published in 1924 
by Emmel for pearlitic cast irons as produced by 
the Thyssen Company. These cast irons are dis. | 
tinguished by Si = Mn = 1. | 

The one erst included between the lines GC + 
Si = 4.2 and C + Si = 4.5, and the zone marked 


Pr differentiates two types of semi-steel cast iron 
as suggested by Lieut.-Col. Prache.* ’ 

Point X indicates the composition of a special 
semi-steel cast iron used for aerial bombs, and 
suggested by Cameron.’ 

The zone included within the rectangle abed 

e 


Fic. 2.—Sprcimen Y3 at 200 pias. ErcHEp 
witH Picric Acip. 


T.C., 2.61;' ©.C., 0.77; Si, 2.82 per cent.; and Brinell 
hardness, 206 to 214. 


is that of the pearlitic irons as produced at the 


Indret works, and as given in a very interesting 
Paper® published by Monsieur le Thomas. 

The rectangle iklm is derived from the labora- 
tory researches of Wiist and Bardenheuer. 

The zone nopq is the region of cast irons pro- 
duced by the Thyssen-Emmel process. These cast 
irons are said to give the best results from the 
point of view of evenness of texture and strength. 


1 Liege Congress, 1922. 
2 Birmingham Congress, 1923. 
3 “Ta Fonderie Moderne,” Feb., 1926. 
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The points V,, V, and V, indicate the results 
of a test kindly made, at the author’s suggestion, 
by M. Varlet (Vice-President of the Belgian Asso- 
ciation) at the foundries of the Société 
Espérance-Longdoz. It is due to his courtesy that 
the author is able to present some interesting 


Vig. 3.—Frerriric-Praruitic Cast Iron with 
THE GRAPHITE IN Fine Nopvutezs. 
Tensile strength, 15.8 tons per sq. in.; Brinel] hardness, 


170 to 180; Gr., 22.51; O.C., 0.42; Si. 2.73; Mn., 0.41; P., 
0.87, and S., 0.04 per cent. x 200 dias.; etched picric acid. 


specimens of high-tensile cast irons. A photo- 
micrograph of the cast iron V, is shown in Fig. 2. 

In order to distinguish the cast irons of zone 
2b, there has been noted, at Z, a cast iron con- 
taining pearlite and ferrite, the analysis and 
micrograph of which are shown in Fig. 3. 

It may be presumed that the researches carried 
out by the Société Alsacienne tend in the same 
direction, since, in his Paper quoted above, Mon- 
sieur Buffet mentions the production of cast iron 
containing 2.3 and 2.5 per cent. carbon. 
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Maurer’s diagram clearly points out the advan- 
tage of low carbon-contents. The lower the car- 
bon content, the wider the zone of pearlitic struc- 
ture. There is thus greater certainty of getting 
the pearlitic structure without the risk of en- 
croaching on adjacent zones. By keeping at an 
equal distance from the cementite and ferrite 
zones, there is a greater chance of getting the 
pearlitic structure without heating the mould. 

For the cast irons included in the zone abed, 
Monsieur le Thomas states that an endeavour 
should be made to keep a _ slight excess of 
cementite so as to be sure of attaining the pear- 
litic structure. With low carbon contents that 
is not necessary, and there may even be a slight 
excess of ferrite without fear of modifying the 
structure and the tensile properties, as will be 
seen from,the results obtained with the V, cast 
iron. In this case, there is the added advantage 
of a lower hardness and better machining pro- 
perties. 

Another advantage of the low-carbon one is 
that, in this zone, the pearlitic structure will be 
attained much more independently of the speed 
of cooling. - 

As a matter of fact, the effect of rapid cooling 
(by chill-casting or in light castings) may easily 
be represented by a displacement to the right of 
the zones I and IIa; and slow cooling (by casting 
in a hot mould, or in heavy castings) by a dis- 
placement to the left of the zones III, IIb and 
II. It will readily be seen that the points situ- 
ated towards the middle and bottom of the rect- 
angle nopq will be least affected by these changes. 

The test-piece 220 mm. square, cast with the 
cast iron represented at V,, has an even texture 
throughout its cross-section. In the higher-carbon 
machinery cast irons, a considerable increase in 
the graphite lamelle will always be found towards 
the centre, even where the diameters are smaller. 
With low-carbon and high-silicon pearlitic cast 
irons it is possible to obtain an identical texture 
in the thin parts and the thick parts of the same 
casting, 

This regularity of texture may be explained as 
follows:—The primary graphitisation persists for 
a certain time and takes place during a definite 
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interval of temperature, after solidification. As 
in the case of secondary graphitisation*, we may 
assume that its rate will be proportional to the 
silicon content. At the same time, owing to the 
‘lower carbon content, graphitisation will be com- 
pleted more quickly. In the case of cast irons of 
the Thyssen-Emmel type, graphitisation would be 
extremely rapid and practically complete before 


Vs: total Carbon: 2.62. 
Graphite: 194.C.:0.77 
Z: total Carbon: 2.92. 
Graphite: 2.50 C.:042 


074085 1.10 2.50 (3.30 350 


Fig. 4.—Portevin’s Diagram, 


the effect of the walls has had time to make itself 
felt and cause appreciable cooling of the thin 
parts of the casting, ; 
Maurer’s diagram classifies cast irons according 
to their carbon and silicon content, without taking 
into account the percentage of combined carbon. 
Referring to Portevin’s diagram (Fig. 4), it will 
be seen within what limits this content may vary 
for pearlitic cast-irons and semi-steels. Assum- 
ing the carbon content to be the same, the per- 
centage of combined carbon will be inversely pro- 
portional to the silicon content. For each com- 
position of cast iron, there is only one percentage 
of combined carbon corresponding to the ideal 
pearlitic structure (C = 0.90 per cent. for pure 


nearlite). 
ASS, Ba SA Ee ere ES 
* Researches of Charpy and Grenet. 
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The corresponding percentages of combined car- 
bon for cast irons the total carbon of which varies 
between 2.5 and 3.3 per cent. are situated on the 
line EY of Portevin’s diagram. Adding to this 
diagram the points corresponding to samples V,, 


Fig. 5. Tue Centrat Part or A MALLE- 
ABLE CASTING SHOWING THE GRAPHITE 
TO BE IN NopULES, AND PEARLITE. 
x 200 pras., Ercuep Picric Acip. 


V, and V,, it will be seen that V, has an excess 
of cementite, V, comes practically on the line KY, 
and V, has an excess of ferrite. 

Finally, the cast iron characterised by the 
point Z comes on to Z in the diagram, 1.e., the 
pearlite plus ferrite zone. Contrary to what Mon- 
sieur le Thomas states in his Paper read at the 
Liége Congress, it is possible to get high-tensile 
cast irons even in this region of Portevin’s dia- 
gram. 

The zone abcd distinguishes more particularly 
the so-called semi-steels, and cdef pearlitic cast 
irons proper. 

B2 
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The pearlitic texture alone is not sufficient to 
ensure high mechanical properties. There is 
another important point, viz., the diminution in 
the size of the graphite lamelle. Numerous re- 
searches have been carried out in this direction, | 
as a result of which the size of the lamelle has 
been considerably reduced by treating the metal 
in an oil or an electric furnace. According to 
Piwowarski’s researches, it is principally by super- 
heating the liquid iron that the finely distributed 
graphite is formed. The results obtained by 
Kerpely, and which are given in Tables I and II, 
show what is possible in this connection by treat- 
ment in the electric furnace. 

From the practical point of view, there is 
another important factor contributing to the pro- 
duction of high strengths, and that is, to get 
sound castings. As Monsieur Ronceray has very 
rightly observed, it is soundness of the castings 
that should be primarily aimed at. 

It would not ‘be much use trying to reduce gaps 
caused by faulty distribution of the graphite 
lamelle, if other discontinuities were allowed to 
persist in the shape of blow-holes, segregations, or 
internal stresses. In this connection, it is in- 
teresting to note that the cast iron represented 
by point Z of Maurer’s diagram gives a tensile 
strength of from 15.7 to 17.6 tons sq. in, 
in spite of a phosphorus content of 0.8 per cent. 
This result was obtained by a purifying treatment 
carried out in the fore-hearth by alkaline sub- 
stances. This cast iron is close-grained and the 
graphite in fine lamelle. By protracted treat- 
ment in the fore-hearth, in the absence of the 
impurities contained in the cupola slag, a con- 
siderable improvement in mechanical properties is 
attained. This case is all the more interesting 
because the metal is a cast iron with pearlite and 
ferrite, Brinell hardness 170 to 180, easy to 
machine, and produced with a cheap flux and 
normal working conditions in the cupola. 

The photomicrograph, Fig. 5, shows the middle 
part of a malleable cast iron made by the Euro- 
pean process. The texture is entirely pearlitic, 
the graphite being in nodules. It is this kind of 
texture that should be aimed at with a view to 
getting maximum strength. It seems doubtful 
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whether it is possible to succeed without a heat 
treatment subsequent to casting. However, the 
researches of Piwowarski and Matsusiro Hamu- 
rami show that the dimensions and shape of the 
graphite particles of the melt can be considerably 
modified. 

This contribution on high-tensile cast irons was 
written primarily with the object of giving the 
members of the ‘“‘ A. T. F. B.” a summary of what 
has been done recently to improve the quality of 
cast iron. 

Since the Committee of the Belgian Association 
have kindly suggested that the author should give 
a Paper on the same subject to the Institute of 


British Foundrymen he was glad to do so, although | 
' he realised that there will be very little that is 


new in it to numerous British foundrymen, who 
have already investigated these questions. Fresh 
results may have come to light in this country, 
where foundrymen are actively engaged on re- 
search work connected with the improvement in 
the strength properties of cast irons. 


DISCUSSION. 


This Paper was introduced by Mr. G. Masson 
(President of the Belgian Foundrymen’s Associa- 
tion). 

Toe PRESIDENT, welcoming Mr, Masson, said 
he believed that this was the first time for four 
years on which the Institute had had the honour 
of welcoming the President of a foreign associa- 
tion. 

Mr. Masson, addressing the meeting in 
French (his remarks were interpreted by the 
President), apologised for his inability to speak 
English, and also for the absence of Mr. 
Piedboeuf. The Paper, he said, was the result 
of the action of the Committee of the Belgian 
Foundrymen’s Association. Its object was to give 
the results of tests made during recent years in 
the direction of improving the qualities of cast 
Iron. Mr. Masson produced a fracture of 
Varlet’s special iron, which exhibited quite a 
pearlitic structure, together with two photographs 
of Varlet’s iron. 

Tue PRresipent reminded the, members that Mr. 
Varlet had read a very valuable Paper before the 
Institute at Birmingham four years ago. He also 
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thanked Mr. Masson for having introduced Mr. 
Piedboeuf’s Paper. 

Mr. Horace J. Youne, F.1.C., said that in 
Table II reference was made to a Lanz iron in 
which the carbon + silicon = 3.80 to 4.20 per cent. 
As one who had practiced the Lanz process, he 
could give his assurance that that total could be 
anything one liked. The mould was heated 
according to the composition of the iron. Mr. 
Young also referred to the statement on page 4 
of the Paper that the pearlitic cast irons pro- 
duced by the Thyssen Company were “ distin- 
guished by Si =Mn=1,” and asked for an 
explanation of that. As to the suggestion in the 
Paper that if composition were altered one need 
not take into consideration the temperature of 
the mould, he said that all scientists would agree 
that all metals during cooling were affected 
by their cooling rates, no matter what their com- 
position was. Grain size as well as structure must 
be taken into consideration. One of the things 
that mattered most was the stability of the pear- 
lite, and that stability depended largely upon other 
things in the iron. For instance, when it had 
to resist repeated heatings; a large content of 
silicon was most undesirable. We must have the 
quality of steel as well as soundness of castings. 
If soundness of castings mattered to the extent 
suggested in the Paper, then very many steel cast- 
ings, if not nearly all, would be rejected. How- 
ever, engineers still used steel, and put up with 
the fact that many steel castings had defects. 
The same remarks applied to cast iron. As to 
the statement that the cast iron represented by 
point Z of Maurer’s diagram gave a tensile 
strength of from 15.7 to 17.6 tons per sq. in., in 
spite of a phosphorus content of 0.8 per cent., by 
a purifying treatment carried out in the fore- 
hearth by alkaline substances, although he knew 
little about that treatment, which was very 
interesting, the same tensile strength could 
be obtained without that treatment in iron 
with 0.8 per cent. phosphorus. The tensile 
strength of cast iron was a very debatable point. 
He had made a great many Diesel castings by the 
hot and the cold mould processes which had given 
high tensile strengths, but there were other pro- 
perties which were of greater importance. 'There- 
fore, he wished the author had given more data 


upon the growth, impact values, and so on, of 
these irons as stated casting thicknesses and 
weights. 


ee 


WRITTEN CONTRIBUTION. 


Results Obtained in the Improvement of the Qualities 

of Cast Iron. 

Mr. J. G. Pearce (Director, B.C.I.R.A.) wrote 
that he suggested that it would be advantageous 
if the author would give in greater detail the con- 
struction and use of the diagram prepared some 
years ago by M. Portevin. This diagram is not 
at all well known to British readers. 

It is perhaps necessary to bear in mind that a 
complex system like cast iron contains so many 
constituents that it can never be completely repre- 
sented on a diagram. Such diagrams may con- 
veniently be considered as a means of comparing 
one iron with another, and constitute a kind of 
metallurgical shorthand. Apart from composi- 
tion, the properties of grey iron are governed by 
the rate of cooling. This factor is not taken into 
account in any of the diagrams mentioned by the 
author. He does not refer to a recent attempt to 
take this factor into account by Greiner and 
Klingenstein, whose diagram from the Gusseisen- 
Taschenbuch, 1926, is reproduced on page 18 of the 
Cast Iron Research Association’s Bulletin. In 
this case the sum of carbon and silicon is plotted 
against thickness, and is compiled for cupola- 
melted’ metal having a total carbon content not 
less than 2.8 per cent. The diagram shows, for 
example, that an iron containing 3.2 per cent. 
carbon and 1.8 per cent. silicon would be white if 
cast 1-in. thick, while }-in. to 3-10th in. would 
‘give a mottled iron. Beyond this, to 1.1 in. 
thickness it would be pearlitic, and above 1.18 in. 
thickness free ferrite would appear in the struc- 
ture, increasing in quantity as the thickness 
inereases. When such diagrams are published it 
is highly desirable that those founders who have 
access to results, including analyses and micros, 
going back over a period of years should test 
their previous results against the diagram and see 
whether the diagram is reasonably correct. 
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NON-FERROUS METALLOGRAPHY. 


By J. S. Glen Primrose, A.R.T.C., A.IL.M.M. 


Member.) 


INTRODUCTION. 


Since the writer drew attention to the impor- 
tance of ‘‘ Metallography as an Aid to the Iron- 
founder’ at the British Foundrymen’s -Associa- 
tion’s Glasgow convention in 1911, there has been 
an increasing use of the microscope as an adjunct 
to foundry work, and the wide scope afforded by 
its application to control and investigation work 
in the non-ferrous field has been dealt with by 
noted writers in the Institute’s proceedings. 

There are so many aspects of the case—whether 
pure research into new properties, pathological 
investigation of failures, or examination to ensure 
compliance with rigid specifications—that it is not 
possible in limited space to deal fully with all of 
these; and the present object is to draw attention 
to the results of some slight. practical experience 
in all of these fields, which may prove of value to 
practical workers endeavouring to establish stan- 
dards of comparison to follow or avoid. The 
general tendency lies in the direction of illustrat- 
ing only ideal structures and those representing 
exceptional conditions or strengths, whereas it is 
often more valuable to be able to recognise the 
appearance of defective structures in order to 
assign the proper cause to them, and thus know 
the direction to go in order to avoid a repetition 
of the trouble. Another common failing is to 
resort too soon and too frequently to excessively 
high powers of magnification for the particular 
structure under examination, and thus the general 
appearance of the structure is apt to be over- 
looked. Wherever possible, a three-fold record 
should be taken showing first the simply polished 
surface to indicate size and distributions of inclu- 
sion or blow-holes at low powers, then the same 
spot suitably etched, and finally a definite central 
area at a higher magnification to reveal the 
minute arrangement not seen at low power. 
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Apparatus, 

A review of the micrographic outfits available 
for various classes of workers during the last two 
decades clearly shows the reasons for the great 


Fic, 1.—Rest6 VertTICAL STAND, WITH 
Gorpon Micro Camera. 


advances made in the technique of practical metal- 
lography. For purely visual work, the simple 
vertical mounting of the microscope tube has been 
greatly simplified from the original model 
resembling the petrological stand, and to-day there 
are several exponents of the compact tripod 
mounting due to the late Dr. Stead. 

Perhaps the earliest attempt at making the 
purely laboratory instrument available for the 
workshop also was the Rejté stand? shown in 
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Fig. 1. In this the wide body tube carried the 
eye-piece in an elongated form of vertical illu- 
minator, placed in this case near the top of the 
mounting. The lower end of the microscope tube 
carried two or three objectives in a revolving nose- 
piece, which greatly facilitated the transfer from 
one power to another whilst retaining the same 
spot of the specimen for inspection. Between the 
horse-shoe base and the pillar carrying the fine 


Fie. 2.—Rerst6 Microscorr, virx Arc 
Lamp anp Oprican Bencu. 


adjustment screw of high accuracy, which even 
with prolonged wear developed no appreciable 
back-lash, there was fitted a removable object- 
stage with a long-reach rack and pinion motion 
for accommodating a wide range of specimen sizes. 
This mechanical stage could not only be levelled 
accurately by means of two screws and a fixed- 
length third leg, but could also be made to 
traverse horizontally in two directions rigorously 
at right angles by two fine screw spindles mounted 
co-axially, which was of considerable service in 
operation by touch instead of after visual finding. 
Two set screws at the base of the pillars enable 
this intermediate section carrying the stage to be 
readily removed, leaving the microscope available 
for direct setting upon any large object in place, 
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without the need of removing a section to be 
examined. The illustration shows the inverted 
gas-mantle source of light and the small Gordon 

hoto-micro camera over the eye-piece. This small 
‘attachment was sufficiently portable to enable it 
to be loaded with a plate in the dark room, and it 
was placed over the microscope and the exposure 
made by a small slotted disc above the lens. A 
focussing magnifier the same length as the camera 
enabled very clear images to be obtained in a very 
simple fashion. For more elaborate work, the use 
of an electric-arc source of light was deemed 


Fic. 3.—Retcuert Inverted Mroroscore, 
with OpticaL System ATTACHED. 


advisable, and for varying magnifications the 
various condenser combinations of the optical 
bench wes a great help when accompanied by a 
large aperture iris diaphragm. This arrangement 
is shown in Fig. 2, in which case the photographic 
attachment consists of a vertical bellows camera 
sliding upon two fixed uprights after the Nachet 
principle. The upper box portion, with the plate 
carrier grooves, could be clamped in any desired 
position, but the lower connection was a simple 
light-tight one resting on a ring concentrically 
covering the microscope eyepiece. 

The inconvenience of either having to place the 
microscope very low down to have the camera top 
at a convenient height, or else having to mount 
an elevated position to focus the image on the 
screen if the microscope was placed at a convenient 
working level, was overcome by another arrange- 
ment, and this consisted of having the microscope 
tube capable of pivotting backwards through a 
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right angle, whilst still resting upon its base, and 
thus the camera attachment could be connected 
horizontally after the visual examination had been 
performed with the microscope tube in either a 


| 


ILLUMINATING 
Reicuert. .M. 


OF 


rN 


4,—DIaGRAM 
ARRANGEMENT 
Microscope. 


} 


A 
| 


G. 


=“ 


oy Ay 


PBN" 


: 
| 


vertical or in a suitably-inclined position. This 
still necessitated the very careful mounting of the 
micro-specimen, and if no levelling device was 
attached to the stage, then some form of stepped 
base-plate or the sliding tube device of Stead was 
a great boon to workers who required to get 
through a number of examinations in a limited 
time. 

The greatest advance came with the idea of the 
inverted stand’ introduced by Le Chatelier, in 
which the objective pointed upwards, and the 
customary difficulty of levelling the specimen was 
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overcome by the simple expedient of placing it, 
polished face downwards, upon a little circular 
tripod stand, the legs of which rested in a grooved | 
ring capable of rotation for final focussing, and 
the length of the legs was selected to suit the 
varying focal length of the objective. This 
improvement by Dujardin over the original Pellin 


Fic. 5.—Marrtens’ HorizontaL SranpD, WITH 
Unrra-Viotet Light ILLUMINATION. 


method of adjusting the focus by means of screw- 
ing a tube with the necessary perforation in the 
base, up and down on the sub-stage continuation 
of the body tube, was a great advantage in 
changing objectives to secure different magnifica- 
tions. 

Many modifications of this Le Chatelier design 
have been elaborated and put upon the market, 
such as the overhanging arm type, which soon gave 
place to the four-column arrangement of Guertler, 
and finally the most substantial form now embodied 
+n the E. M. I. Reichert® stand as shown in Fig. 3. 
A very full description of this has already been 
published, but passing reference should be made 


to the ease in manipulation where large numbers 
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of specimens have to be examined and also photo- 
graphed with the minimum of ‘trouble and time: 
expended upon them. Thus five photo-micrographs 
of the same spot, both mnetched and etched, can 
readily be made within a period of five minutes. 
One of the most important features is that the 
position of the mechanical stage and also: the 


Iie. 6.—Zeiss Verricar CaMERA, Usep 
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illuminating prism can be set for the correct focus 
of any objective without the presence of any speci- 
men, suitable graduations being provided to enable 
this preliminary setting to be made without refer- 
ence to the image of the object. Another great 
facility in rapid manipulation is the ease with 
which the prism can be withdrawn into its carrier 
tube, the arm swung over into a second definite 
position, and a suitably inclined cover glass 
brought into position for the - reflected type of 
illumination instead of the transmitted form when 
the prism is used. The mechanism of this arrange- 
ment is worth illustrating in the three accom- 
panying sketches, Fig. 4, which shows the path 
of the light rays, and how readily the change can 
be effected, without disturbing the microscope or 
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specimen in any way. ‘The Prism P, can. be 
rotated through a right angle, thereby allowing of 
either direct visual observation of the object, or 
the projection of the image for photographing 
into the camera below. The objectives are pro- 
vided with a simple bayonet catch, whereby they 
can be changed in the minimum of time, since they 
carry no screw to fasten them. The author has 
found that exceedingly high-class work can be 
done with this instrument, which represents the 
greatest possible saving of time in both visual 
examination and in taking photographic records 
for comparison. 


Iumination, 


Just as great advances have been made in regard 
to improved sources of illumination, as have been 
effected in metallurgical microscope construction. 
The ordinary microscopist’s oil lamp was early 
replaced by some form of incandescent gas mantle, 
the inverted type offering certain advantages. 
The incandescent electric lamp was. less satisfac- 
tory, especially as it has to be used in a frosted 
glass bulb to prevent the filament image being 
projected on to the screen, and the simplest 
expedient of directing a small oxygen-coal-gas 
blow-pipe flame on to the upturned end of 1a porce- 
lain mantle-stem was one for long in mse in the 
laboratory of Doctors Martens and Heyn at 
Lichterfelde. The Nernst lamp had a short vogue, 
but was soon superseded by the more suitable 
Pointolite, which gives excellent results for most 
purposes of observation, and is also available for 
photographic work. The author’s preference has 
always been in the direction of an are lamp, and 
several types of automatic-feed carbon arc have 
proved satisfactory, these usually being of the 
inclined electrode form. The neatest and now 
almest universal form is the small carbon right- 
angle arc, which usually does not take more than 
5 or 6 amperes to incandesce. 

In the E.M.1 type of microscope stand above 
referred to, it is of considerable advantage to 
have the light-condensing system all mounted on a 
small attachment to the miscroscope stand, and 
to obtain concentricity of the beam of light from 
the arc, flexible connections to two quadrant 
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adjustments enable the are to be brought easily 


into the best position. 


When using arc-lamp illumination, the great 
tendency is to overexposé the photographic plate, 
even with such slow speeds at H. and D. 45, if 
the fine-grain ordinary variety is used, and a 
‘screen is employed partly to counteract this, but 
also to sharpen the image by elimination of the 
various light wavelengths which are not correctly 
registered by achromatic objectives and 
huyghenian eyepieces. One of the most generally 
useful is the K.10 yellow screen, which can be 
‘secured either in glass or as a gelatine film, but 
for other purposes the green filter is frequently 
used. The disadvantage of liquid filters is that 
they are difficult to keep clear of bubbles, and 
even the cooling trough presents the same feature 
unless potassium-alum is dissolved in it to form 
a concentrated solution. Special light filters are 
required when panchromatic plates are used, and 
also in the case of recording the various shades 
of colour produced on polished specimens by sult- 
able heat-tinting or oxidation etching, by the aid 
of the auto-chromatic plates successfully intro- 
duced by Lumiére, 

When particularly high-resolving power is 
required from a microscope lens-system, it is found 
that this advances in direct proportion to any 
- decrease in the wavelength of the light used. Thus 
for very high powers, when research is being 
undertaken into the inner structures of eutectics, 
or of microscopical constituents the exact shape 
of which is not revealed by ordinary white light, 
it is possible to make use of ultra-violet light. By 
utilising the special objectives known as ‘‘ mono- 
chromats,’’ designed from the formule of Dr. M. 
von Rohr, which are corrected for ultra-violet 
light having a wavelength of 275yp, the resolving 
power is double that of a similar numerical-aper- 
ture ordinary lens. These lenses are made of 


quartz which has not been fused, as this destroys: 


their refractive index, but simply rendered plastic 
by heating in an oxy-hydrogen flame, and then 
moulded to the approximate shape required, The 
polishing to the correct shape requires special care, 
and they can, of course, only be used with this 
light, being quite useless for light of different 
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wavelength, particularly daylight. The 6-mm. 
objective is used dry, but the two higher powers 
available for magnifications between 3,000 and 
5,000 diameters, and having numerical apertures 
of 0.85 and 1.25 respectively, are immersion 
systems, in which the fluid used is a mixture of 


Fie, 11.—AneHa Brass—Specirication A 
(V—50—X). 


pure glycerine and distilled water in the propor- 
tions calculated to give a definite refractive index. 

The eyepieces, for projecting the image on to 
the photographic plate, are also made of quartz, 
and similarly the necessary condensers in the 
illuminating apparatus are made of the same 
material. So, too, are the two right-angle prisms 
used on the optical bench for reflecting the light 
emitted by a nearly continuous series of sparks, 
produced by the Leyden jar and large induction 
coil, between the points of the cadmium electrodes. 
The photographic apparatus recommended for use 
with this outfit is the vertical form of camera 
attached to a steel upright which can be swung 
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about its bottom pivot, and ihus alternately bring 
into position over the microscope eyepiece, first 
the searcher, consisting of a fluorescent screen of 
uranium glass to render the otherwise invisible 
image capable of being focussed by a powerful 


Fie. 12.—AznrpHa-Bera Brass—SpeEciFica- 
Trion B (V—50—X). 


magnifier, and secondly, the camera itself, which, 
if approximately 30 cms, extended, permits the 
exposure to be made without further inspection. 
In working with this arrangement whilst con- 
ducting some research work for Prof, IK. Friedrich 
at Freiberg Bergakademie. in 1907, the writer 
overcame the inconvenience of the vertical camera 
arrangement, which at high powers did not record 
' a sharp image even after the searcher had done so, 
and therefore a final focussing was needed on the 
full-sized fluorescent screen. To do this the 
Martens’ horizontal stand was selected, and after 
the desired spot had been photographed by ordi- 
nary white light emanating from the right-hand 
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side, the sliding objective changer and prism were 
exchanged for the quartz set, and the same spot 
was examined and photographed by the pencil of 
ultra-violet light coming from the special 
illuminating table placed on the left-hand side, as 


Fie. 13.—Aunreua-Beta Brass—Spncirica- 
tion C (V—50—X). 


shown in Fig. 5, Fig. 6 showing the original 
arrangement used. The structures examined were 
chiefly of non-ferrous alloys from the famous series 
of arsenides and sulphides investigated by Fried- 
rich, and in several cases structures and shapes not 
previously revealed were made clear by the aid of 
the ultra-violet light photo-micrographs*, some of 
which have already appeared in ‘ Metallurgie,” 
Vol. V., Heft 20, of Oct. 22, 1908, p. 593. That 
the microscope fitted with ultra-violet light 
apparatus is an instrument of greater precision 
and power than any other available for mucro- 
metallography is only now being appreciated in 
some quarters.* 
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Microstructures.—In the scope of , non-ferrous 
metallography there is a very great variety of 
known types of structure, and an even richer vista 
opens before the practical worker in this field than 
in the general run of the ferrous metal-structures, 
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Fig, 14.—Aupsa-Betra Brass—SprEcirica- 


TIion G (V—50—X). 


To the research student there is an even greater 
possibility of variations, and the careful develop- 
ment of these by suitable polishing means and 
selective etching reagents is a very interesting and 
instructive range of work. Numerous lists have 
appeared from time to time of special agents of 
limited application, but it is surprising what 
generally useful application can be made of the 
old ferric chloride solution in the majority of 
practical working cases. 

Referring to a series of zinc-base alloys, quite 
remarkable types of structure can be revealed 
in these by proper etching. The simplest is the 
well-known cubic or rhombohedric formation when 
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_a definite compound is formed and has but little 
solubility in the matrix. The size of the separated 
particles reflects accurately the rate of cooling 
attained by the mass, and Fig. 7 shows how, in the 
case of hard spelter in accretionary form, it can 


Fie. 15.—Wett-Cast PuosrHor-BronzE 
(V—50—X). 


_ quite suddenly change the size of the crystal grains 
separated. The average analysis of this dross 
showed 3.5 per cent, of iron (which was practically 
all united with the zinc, forming the higher melt- 
ing-point crystals which were the first to separate 
as the mass cooled), and 1.5 per cent. of lead, not 
visible in the zinc-rich matrix etched black in the 
photo-micrograph taken at 50 diameters. 

The ‘‘ onion” type of freezing suggested by Pro- 
fessor Howe® is an almost ideal form of structure 
for certain purposes, but it is very rarely met with 
in practical experience, about the only example 
known to the writer in his small amount of non- 
ferrous metallography work being the Prana alloy 
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' No. 4, shown in Fig. 8 at 50 diameters magnifica- 
tion. In this view, the alternate layers of light 
and dark etching constituents are distinctly 
arranged in concentric formation, except where 
two or more crystallisation centres mutually inter- 
fere, and produce a double right-angled appearance 
shown at the bottom of the figure. 


Fie, 16.—PuHospuor-Bronze Cast at TOO 
Low a Temperature (V—50—X). 


Needle-shaped spines and conglomerates of these 
into stars are common non-ferrous alloy forma- 
tions, and these show up the more clearly when 
the matrix containing them is eutectiferous, and 
thus of much lower melting point. Thus Figs, 9 
and 10 show two zinc-base alloys to which both 
aluminium and copper have been added in the fol- 
lowing percentages, in the endeavour to secure a 
suitable fuze metal to meet the specification called 
for and detailed in the table (page 123), 


Fuze |7, |ou | Al| Pb Ten- | Compression. |Hard- 


Metal. : sile. El. Lt.) Ul. | 2°88 
é Tons. | Tons. | Tons. 
Fig. 9 | 92 6 | tr: 6 20 56 105 


2 
Fig. 10 | 90 5 | 4 1 15 33 58 = 


Fig. 17.—Britrttze PxHospror-BRronzE 
(V—50—X). 


The specification called for a compression break- 
ing load of not less than 60 tons per Sq. in., 
whereas the above did not quite come up to this. 
The elastic limit in compression, well over 20 tons 
for both above samples, was not definitely called 
for, but after a load of 8 tons per sq. in had been 
applied, the cylindrical test piece must not show 
a reduction in length of more than 1 per cent. 
‘As a measure of ductility and ability to forge, the 
specimen should not show. any signs of cracking 
after it had undergone a 35 per cent. reduction 
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of length. In making the tensile test, the duc- 
tility, as measured either by percentage elongation 
or reduction of area, was not deemed sufficient, 
being only 1 per cent. in each case. The alloy con- 
taining lead was still less ductile, and only recorded 


Fie. 18.—‘‘ Sweat” rrom PuHospHor-BRronzE 
(V—50—X). 


0.5 per cent, elongation on the standard 2-in. gauge 
length. Although these alloys were understood to 
be forgeable at 250 deg. C., it was generally found 
advisable to take them up to about 400 deg. C., 
but it was necessary to heat them up slowly, first 
to about the 250 deg. C. in an oil bath, and then 
for a few minutes at the front of a gas furnace, 
before being stamped in the screw press, to get 
the rough forging suitable for subsequent 
machining. 
Brasses, 

The foregoing zinc-base alloys were never able to 
replace successfully the forging brasses for the 
purposes of fuze metal, and four micrographs 
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(Figs. 11 to 14) at 50 magnifications clearly show 
the differences between the grades of alpha-brass 
and the several grades of alpha-beta brass around 


the 60:40 composition, all of which were forgeable 


but which possessed different degrees of machin- 
ability. Table I serves to compare the specified 


Fie, 21.—Coprrr anp Copper OXIDE (V—100—X). 


strengths of the several classes with the actually 
attained physical characteristics corresponding to 
the four different structures shown . 

In the case of detent parts, the necessary 
physical properties could rarely be attained in the 
plain casting, and the necessary forging, after 
heat treatment, was needed to reach the high 


values shown under class ‘‘ A.’’ Both ‘*B”’ and. 


““O” could best meet the requirements if the 
metal were carefully melted, without stewing, 
before being cast into chill moulds. With mode- 
rate care the requirements of ‘‘C’’ could be met 
without this precaution, but as common scrap 
materials were often utilised in its manufacture, 
sufficient care was not often expended in keeping 
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the melt free from dross. The ‘‘G”’ metal used 
for the forging proper was usually best cast in a 
chill mould, and in many cases. the subsequent 
forging or press-stamping operation in the hot 
state imparted an elongated form to the con- 


Fic, 22.—Gasrous INTERGRANULAR PENE-, 
TRATION RENDERS, Copprr ALLOYS 
Brirtte (V—200—X). 


stituents, similar to that often observed in 
extruded metal. 


Bronzes, 


In the tin- and phosphor-bronzes which are most 
commonly used for bearing metals, one of the 
most important matters is to ensure, apart from 
their soundness and freedom from blow-holes, the 
proper structural arrangement of the primary 
copper-rich crystallites, which should form the 
interlocking type of arrangement, and have the 
inter-special delta material in small, uniformly 
distributed, and, if possible, isolated patches. 
Figs. 15, 16 and 17 show, with the accompanying 
physical tests (Table II), the effect of attaining or 
losing this desired structure. 

F 
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The structure shown in Fig. 15 is that of a well- 
cast metal, the temperature having been suitable 
for the size of article involved. By contrast, the 
metal shown in Fig. 16 has evidently been cast at 


Fig. 23.—NormMat ANNEALED STRUCTURE OF 
Hicu Macnetic PeRMefABILITY FERRO- 
Nicket (V—400—X). 


too low a temperature, and resulted in the sup- 
pression of the dendritic growth of the primary 
crystals, whilst the eutectoid has formed an almost 
continuous network in spite of the lower tin- 
content than No. 15. In addition to being 
deficient in strength, this bearing would not stand 
up to such prolonged wear as the first. An 
exceedingly brittle arrangement of the constituents 
is the rectangular one shown in Fig. 17, which 
metal was not chill-cast, as it might appear to 
have been. Such a bearing metal might stand 
up fairly well if put into service where no serious 
shocks were likely to be encountered, but even 
then the large amount of delta-eutectoid present 
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would be apt to promote scoring of anything less 
than a hardened journal. 

When large percentages of tin are present, 
either alone or along with some residual phos- 
phorus, there is a great tendency for some of this 
delta-eutectoid to exude or ooze out of the cast- 
ing, particularly from the riser and runners, as 
the metal cools and contracts. The erroneous idea 
that this ‘‘ white”? metal is purely tin is not only 
clearly proved by analysis, but also; when the 
particles are too small for this, by the micro- 
structure they show. Fig. 18 indicates the com- 
plex nature of this ‘‘ sweat,’’ since, in addition 
to the ternary eutectic of copper-tin-phosphorus, 
there are quite an appreciable number of the 
dark-etching copper-rich dendrites present. 
Naturally, such pellets are exceedingly brittle, 
and indicate the extent to which segregation can 
-occur within drawn places inside the casting. 


Aluminium Alloys. 


So many of these have now been utilised in the 
foundry and fully described recently that it is not 
necessary to recapitulate those of the low specific 
gravity end of the diagram. There are still many 
avenues of the copper-aluminium alloys. to be 
explored, and a very interesting case of the 
remarkable-property some of these have of self- 
annealing themselves in the process of casting 
came to the writer’s notice.. A very heavy-duty 
bevel-wheel of over 3 cwts. had been tried in 
several alloys, until a mixture was finally recom- 
mended and tried which contained copper, 83; 
aluminium, 10; nickel, 6; and zinc, 1 per cent. 
A separately-cast test-bar was found to be similar 
in strength and structure to the risers of com- 
paratively small section. It was not, however, 
until the machine was being scrapped in which 
the actual wheel was used that portions of it were 
examined for structure, and the comparison is 
shown in Figs. 19 and 20. In the former at 50 
diameters the structure is of the simple alpha-beta 
type, due to the comparatively rapid cooling. 
The larger mass, which had cooled more slowly, 
showed the complete change possible in this type of 
structure due to self-annealing, whereby the beta 
constituent can break down into either a gamma 
or delta eutectoid which forms the Hee geet 
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matrix around the primary crystals rich in copper, 
and in this case containing most of the nickel in 
solid solution. The minute nature of the par- 
ticles in the eutectoid will be realised from the 
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Fig. 24.—SHowine Inrivencr or GAssine 
THE ALLOY sHOWN IN Fia. 23 
(V—400—X). 


greater magnification of 200 diameters required 
to resolve it in the photo-micrograph, Fig. 20. 


Copper. 


Apart from the harmful amount of oxygen some- 
times taken up by copper when remelted from 
ingot form, there has recently been a crop of 
obscure troubles in refined copper, chiefly of 
American origin, which has been put down to 
‘“gassy’’ copper. A considerable amount of 
research work has been expended upon this 
matter, and the result points to two causes; one 
of which is an excessive amount of oxygen 
present in the form of cuprous oxide, and the 
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second cause to copper with a more moderate | 


amount of oxygen which very readily became 
brittle on being heated in a reducing atmosphere. 
When copper is being refined, or even when elec- 
trolytic copper is being melted to cast it, cuprous 
oxide forms rapidly, and is soluble to a slight 
extent in the molten copper. It should be almost 
completely removed by the poling operation, and 


only sufficient left to control the ‘‘setting’’ of - 


the open-mould cast-bars to produce the required 
level surface in the common ‘‘ crimped ’’ form. 
If too long a time elapses during casting and 


before poling is again resorted to, there is a_ 


danger of an excessive amount of oxygen being 
taken up, and this commonly shows itself in a 
layer near the top skin of the ingot or bar, and 
in certain cases it even exudes as small pimples 
on the ingot surface. The analysis of such metal 
may be all that is desired, apparently, as it is 
somewhat difficult to estimate oxygen content, 
especially when so completely segregated, but the 
microscope reveals the harmful effect very clearly. 
Thus Fig. 21 at 100 magnifications shows not only 
the easily-recognised eutectic structure of copper 
with cuprous oxide in the copper ground-mass, 
but also considerable masses of free oxide in 
slightly globularised strings occurring near the 
surface even after the copper has been reduced 
in size, and any possible excess-scale given every 
opportunity of being removed. The only cure for 
this fault is better casting conditions and care,in 
obtaining the correct casting temperature. 

The other trouble caused by gassing in a reduc- 
ing atmosphere has long been known as the effect 
of reducing the copper oxide, which occurs in 
less highly-enriched copper as pearlitic patches of 
eutectic at the grain boundaries. This produces 
spongy material around the grains of copper and 
causes pronounced brittleness, as the fracture 
always occurs between the crystal grains.. A very 
useful form of heat-treatment has recently been 
devised to overcome this possibility of brittleness, 
the explanation for which is clearly shown in the 
photo-micrograph, Fig. 22, revealing the inter- 
granular nature of the gaseous penetration. It 
has been found’ that by a jproper annealing, fol- 
lowed by slow cooling, the cuprous oxide mesh- 
work can be spherodised just like pearlite, and 
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balled up into tiny patches located throughout the 
copper matrix, without being in the grain 


Fig, 25.—Srtver Sonper—THE NorMaAL 
Structure (V—500—X), 


boundaries. The gassing or heating in any reduc- 
ing atmosphere no longer had any harmful effect 
upon the ductility of the metal, because where the 
cuprous oxide had been there only remained tiny 
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holes in the metal lined with spongy copper. 
- Since these blow-holes were scattered through the 
metal in disorder, no brittle grain - boundaries 
were found to exist, and the trouble was 
eliminated. 

. Nickel Alloys, 

The extent to which nickel and its-alloys can 
be rendered non-malleable by oxygen is only 
slight compared with the astonishing effect which 
sulphur has in this respect: The former idea that 
the addition of magnesium had the effect of remoy- 
ing the oxygen has now been dispelled, and the 
true case for the expulsion of the sulphur by mag- 
nesium has been demonstrated:* A remarkable 
similarity has recently been found in the working 
of some of the nickel alloys with that of copper, 
in regard to its ready embrittlement when being 
annealed, a-structure exactly resembling that of 
“‘ gassed ’’ copper. resulting. One of the new 
alloys of ferro-nickel renowned for high magnetic- 
permeability, shown in Fig. 23, illustrates the 
-normal structure of tough and ductile. metal when 
it has been properly annealed. Whenever the 
temperature is sufficiently high, and gassing con- 
ditions prevail, then the surface is converted into 
a mass in which the grain boundaries, are 
embrittled, and differ considerably from the 
normal metal. Such a state of affairs is shown in 
Fig. 24, which deleterious effect can only be 
removed by strong chemical or mechanical means 
when the unattacked portion retains its customary 
properties. 

Silver Alloys, 


One of the most useful applications of this semi- 
precious metal to engineering purposes is in the 
preparation of the so-called silver solder, which 
consists of a brazing metal to which a varying 
proportion of silver has been added. This. series 
of alloys gives rise to some of the most interesting 
forms of eutectic structure, which is capable of 
numerous modifications. In the usual variety for 
high conductivity work, the percentage of silver 
added is usually 8 per cent., and when used in 
conjunction with copper the initial copper-rich 
crystallites to form are generally well-marked and 
contiguous to the joined surfaces. Further in, 
as shown in Fig. 25, the tree-like forms of these 
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erystallites have free scope to develop in the 
silver-zinc eutectic, which can form beautiful 
patterns, most of which are highly-ductile for such 


Fig. 26.—Sinver Souper In A Brazepd 
Joint (Y—500—X), 


a material, Thus when the cross-sectional area of 
the braze has been considerably reduced, the 
deformation figures of the copper-rich crystallites 
and the surrounding eutectic are often grotesque, 
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but indicative of strength and non-liability to 
parting company, as seen clearly in Fig. 26, which, 
like the former photo-micrograph, has been taken 
at 500 diameters magnification, and shows, the 
copper. base with the solder attached. 


Conclusion, 


The enumeration of cases in which the micro-~ 
scope can prove of inestimable value to the non- 
ferrous metal worker is almost endless, but it is 
hoped that the present selection of instances and 
illustrations will serve to assist those who have 
not yet seriously contemplated the installation 
and continuous application to practical purposes 
of a reasonably good microscope, and wherever 
possible a serviceable photographic. outfit, in 
making a step in that direction, since the know- 
ledge gained in this way cannot be equalled by 
that obtained in any other direction, and is most 
fruitful in attaining better results when applied 
im common-sense manner. 

The writer desires to express his indebtedness 
to Mr. H. S. Primrose, M.I.M., for assistance in 
connection with the analyses quoted, and also to 
the numerous firms whose products have been 
investigated and reported above. 
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DISCUSSION. 


Dr. H. Hyman, Ph.D., said that the Paper was 
of the usual high standard associated with Mr. — 
Primrose. The only criticism he had to make was 
with reference to the alloys in Table I and the 
corresponding micro-photographs. In connection 
with specifications A and B, the Alpha brass was 
made to give a higher tensile and elongation than 
the Alpha-beta brass, but that was not in accord- 
ance with the general custom. Usually, Alpha- 
beta brasses gave high tensiles and low elonga- 
tions and Alpha brasses lower tensiles and corre- 
spondingly higher elongations. He asked whether 
it was not possible that the photograph illustrating 
the Alpha brass was really a Beta structure. 
Perhaps the analyses representing classes A and 
B would help to clear the matter up. 

Mr. E. Lonepen, referring to the remarkable 
micro-photographs showing the effect of the rise of 
casting temperature, said it would be very illu- 
minating if Mr. Primrose would carry out some 
experiments on the use of hot moulds. There had 
been some wonderful results with the Lanz pro- 
cess, and modifications of it in connection with 
cast iron, but he did not know whether similar re- 
sults would be obtained with non-ferrous metals. 

Mr. P. A. Russrtt thanked the author for the 
Paper, and particularly for supplying what he had 
called standard micro-photographs for purposes of 
comparison. His (Mr. Russell’s) firm ran both an 
iron foundry and a brass foundry, the latter being 
only a small part of the foundry concern, 
and they had found the microscope of enor- 
mous advantage in investigating the troubles 
that arose, and which seemed to be even worse in 
brass founding than in iron founding, particularly 
with regard to casting temperatures. 

Mr. Fretcuer thanked the author for empha- 
sising the necessity for examining one particular 
area of a specimen instead of moving about. He 
himself had adopted that particular practice for 
25 years. Some of those who had not had very 
long experience might benefit greatly by what the 
author had said, and they all thanked him for his 
usual wonderfully clear work. 

Mr. A. Logan said the author had rightly em- 
phasised that very high magnifications were not 
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really required, and that applied to the iron foun- 
dry as well as the brass foundry. In the majority 
of cases it was not necessary, for works practice, 
to go beyond 150 diameters. The point needed 
emphasis because the microscope was looked at by 
some folk with feelings of awe,’ and.some were 
rather discouraged to adopt the microscope on 
account of the skill and manipulation required. 
With regard to the use of screens, mention was 
made of the K.10 yellow screen as being the most 
generally useful. He asked if this was a mis- 
print. He was very interested in the author’s 
description of the use of ultra-violet light 
for high resolving powers. Although ultra- 
violet light was of very great practical. use 
for pure research work, he was inclined to 
think that it would be some time before it would 
come into general use in works practice. There 
were many difficulties and troubles attendant upon 
its use. The self-annealing of certain aluminium 
_alloys was‘ also a very interesting point. He 
believed most types of Alpha-beta structure showed 
this phenomenon, given suitable conditions. The 
same thing occurred in connection with alpha- 
peta manganese brass. In fact, in the production 
of such castings as propellers automatic annealing 
of the casting in the mould was purposely 
arranged. 

Mr, N. D. Ripspate (Middlesbrough) asked what 
colour process the author considered to be the best 
for colour photography through the microscope. 
He understood that the ‘‘ Lumiere ”’ process gener- 
ally gave rather a dense picture, which was too 
dense if one wanted to use the colour transparency 
through the lantern for lecture purposes. He asked 
whether the author had ever used the Paget colour 
process, and whether he considered it to be more 
suitable on account of the more transparent 
picture produced. : 

Mr. Westey Lampert (London) expressed his 
appreciation of the paper, and suggested that, 
being now in possession of this paper, which 
covered the general ground of the apparatus used 
in the laboratory in connection with the examina- 


tion of the microstructure of metals, we should not, 


require any more papers of this kind. This paper 
should be regarded as a text-book so far as the 
apparatus is concerned, and what was now wanted 
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was papers dealing with the microstructure of 
particular foundry alloys. The analysis should be 
clearly stated, together with the conditions under 
which the alloy was compounded, the size of the 
sections from which the pictures were taken, and 
so on. The specimens to be cut from castings pro- 
duced both under ideal conditions and improper 
conditions, and the photomicrographs should be 
clearly interpreted, so that a student could 
familiarise himself with the micro-constituents and 
also the defects of any particular foundry alloy. 
His experience was that the young operator had 
considerable difficulty in correctly interpreting 
what he saw under the microscope. He would 
like to impress upon the younger members who 
were taking up the use of the microscope for the 
the investigation of alloys, that it was on the lines 
he had suggested that they might do valuable work. 
What he had in mind was that brief papers should 
be presented to the Institute giving photo- 
micrographs obtained from castings made in any 
one of the commonly used foundry alloys, from 
metal in both the normal and abnormal condi- 
tions. 


AUTHOR’S REPLY. 


Mr. Primrose, replying to the discussion, said 
that the alloy A, in Table I, compression was found 
to give a percentage of elongation of 13 on 1 inch. 
Referring to Dr. Hyman’s remarks as to the 
physical properties of the Alpha and Alpha-beta 
brasses, he said he could assure Dr. Hyman defi- 
nitely that the A specimen of Alpha brass came 
within the 70/30 range. He could quite under- 
stand the doubt as to its physical properties being 
as stated in the table, because the ‘“‘A’’ metal 
brass had had to be forged in order to attain 
the values given. The brasses in Figs. 12 and 13 
were as cast, and that in Fig. 14 was forged. 
That might be the reason for the slight difference 
in physical properties that Dr. Hyman had com- 
mented upon. 

In reply to Mr. Longden, he said he had not 
tried specially hot moulds for casting non- 
ferrous metal. It was obvious, of course, that the 
mould must not be in such a condition that mois- 
ture might condense on it; slight heating of the 
mould was found to be advantageous, but when it 

, became too hot, troubles such as segregation arose, 


In reply to Mr. Logan, he said he certainly had 
considered that a K.10 screen was one of the. most 
generally useful, It was a fairly dark yellow. On 
' one occasion .he had used two of them as two 
screens of gelatine which alone were not quite 


dark enough. He believed they were equivalent 


to a K.10. He had not used the green filter 
much, but the yellow one he had found to be 
very useful for non-ferrous and even for some 
ferrous metals. With regard to the suggestion 
that 150 diameters was the highest magnification 
necessary for works practice, he said he had some- 
times slightly exceeded that, especially where very 
small grain size was involved. As a rule, how- 
ever, he liked to work in multiples of the lowest 
power obtainable with the ordinary lenses of the 
microscope. In many microscopes the lowest was 
50, and could be worked up to 100, 200, 400 or 500 
and 1,000 in simple multiples. He used a graph 
which had been prepared by micrometric measure- 
ment, and by looking at that graph he could see 
to what distance he must extend the camera in 
order to get a magnification of 200 or 500, as the 
case may be, instead of selecting a suitable place 
to photograph, and finding afterwards that it was 
1971 or some such figure, whereas by a slight 


movement of the camera he could have got. 


exactly 200 diameters. 

The use of ultra-violet light might come into 
use to expore some of the points which even yet 
we were not certain about. 

It was all very well to regard his Paper as a 
text-book, but he was afraid that it was subject 
to revision as progress continued; he had merely 
given what he had found up-to-date. 


Replying to Mr. Ridsdale, with regard to colour 
photography, he said he had experience only of 
the ‘Lumiere ’”’ plates, and had found that after 
he had used them in the lantern a few times they 
became so dense as not to reproduce the colours 
on the screen. Mr. F. Law seemed to have got 
over the difficulty of colour transparency, and had 
exhibited some admirable examples of colour 
photographs, but whether they had_ ultimately 
become dense after continued use he did not know. 
‘Finally, he thanked Mr. Lambert ‘for his 
inspiring suggestions. 
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SOME NOTES ON THE PRODUCTION OF CYLINDER 
_ PIG-IRON TO FRACTURE AND ANALYSIS. 


By E. J. Yates, B.Sc. (Met.). 

The object of this Paper is to outline some of 
the difficulties and experiences on the production 
of cylinder pig-iron from the metallurgical and 
technical points of view. The task may be defined 
as an undertaking ‘‘ to produce a cylinder iron 
of constant dense grey and close fracture to the 
following characteristic analysis: Total carbon 
under 3.2 per cent. and the silicon varying 
between 1.2 and 3.0 per cent.” 

The writer’s experience has been at the Golden- 
dale furnaces. These furnaces are peculiarly 
suited for this work, the output being small and 
the driving very slow, with a low-blast tempera- 
ture; obviously the cost of making is far higher 
than with modern furnace practice based on 
large outputs. 

Undoubtedly both the fracture and analysis are 
necessary for a complete definition of an iron, 
coupled with a very important proviso, i.e., the 
type of furnace used. The iron produced in a 
small, slowly-driven furnace is of very different 
type from that produced from a large and more 
‘rapidly driven one. 

These factors of furnace design, blast tempera- 
ture and slow driving at the Goldendale furnaces 
are responsible for the low total-carbon iron pro- 
duced, which is definitely suited to cylinder-casting 
manufacture. 

Most careful attention is given to details of 
furnace working, both as regards quality of pro- 
duct and also the percentage produced. These 
‘factors are to be borne in mind during the subse- 
quent part of this Paper. 

There is on view at the Exhibition a dual series 
of fractures of this pig-iron. One series shows 
how the fracture can vary progressively from open 
iron to white iron, the silicon content of the 
series falling between 2.26 and 2.06 per cent., for 
all intents and purposes a uniform figure. The 
other series shows how the cylinder fractures are 
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indistinguishable, with the silicon varying’ pro- 
gressively from 1.4 to 4.6 per cent. It must be 
emphasised that these pigs have been normally 
cooled in the pig beds, the cooling conditions 
changing only with the seasonal variations. 

These specimens show how the fracture and the 
most important element of the analysis, which is 
usually regarded as the controlling criterion of 
fracture, are not necessarily related at all. 

It is usually taken for granted that the more 
open the grain the higher the silicon, and up to a 
point that is true; but by varying the operating 
conditions of the furnace, however, the whole 
range of silicon contents may be altered. So one 
gets the apparent anomaly of an open-grain iron 
containing 2 per cent. silicon and a close-grain 
cylinder iron with 4.6 per cent. 

It is as well to digress for a moment. These 
terms ‘“‘open’’? and ‘close’? are difficult to 
define. The usual way is by numbers—No. ], 
No. 3, etc., but this is a purely arbitrary one, 
and it is generally found that the grading of 
pig-iron is in the hands of the senior piglifter. 
This is not as it should be. The size of the 
graphite flakes varies over the face of a pig in a 
No. 3 iron, for instance, and together with the 
relative amounts determine the class into which 
the iron is to be placed. These fracture numbers 
from different plants bear a general analogy, but 
the only way would be to measure the average 
size of the graphite plates. 

The phosphorus-content of the iron is entirely 
dependent on the amount present in the furnace 
burden, and all the phosphorus goes into the 
metal, Consequently,-it is a serious matter to 
alter the phosphorus, necessitating a radical 
alteration in the burden, with consequent changing 
of supplies of raw material. 

The manganese content is dependent on the 
furnace. Of all the elements, this is the least 
under control in cylinder iron. A partial reduc- 
tion only takes place, and whilst the proportion 
of the manganese thrown into the iron remains 
tolerably constant for open irons, it dwindles - 
rapidly as the furnace changes “colder,” and a 
much smaller proportion passes into the iron when 
the furnace is comparatively cold and producing 


144 
\ vad | + { 1 a: 
white iron. Cylinder irons are on the border line 
between white and open irons, and this results in 
a very yariable amount being reduced. 

Sulphur is always the béte-noir of the blast 
furnace, and it is advisable to carry a fair pro- 
portion of manganese to keep this within bounds 
—particularly when using coke high in sulphur 
(1.3 per cent.). 

But there is another point of view. A high- 
manganese pig is desirable in the foundry. There 
it again helps to cure the equally important and 
pernicious problem of sulphur in the cupola. The 
sulphur in ordinary small proportions exists in 
high-manganese iron as manganese sulphide, 
which is innocuous compared with the iron sul- 
phide in low-manganese irons. The manganese 
sulphide shows a tendency to slag off in the cupola, 
and a fair proportion of manganese in the cupola 
charge is an almost automatic antidote to sul- 
phur. Manganese has no deleterious effect. when 
present in amounts insufficient to cause brittle- 
ness, say under 2 per cent. to be on the safe side. 

It must be understood that whilst a great 
measure of contro] is exercised in a blast furnace 
by very careful attention to the many variable 
factors, the only way finally to grade is by 
analysis. 

Thus there is the twin Sobcitieation of fracture 
and analysis as a complete description. Both are 
of great importance, but neither is complete in 
itself. 

The fracture is a guide to the internal ciingtnte 
of the metal, which is, after all, the main con- 
sideration in the finished casting. Remelting an 
iron does not destroy its original structure, though 
it may be modified. due to varying cooling rates, 
but as ordinarily cast, the structure obtained is 

_ the same as in the original pig. 

The fracture shows the macro-structure of the 
pig, and this is a physical test which, roughly 
speaking, gives a clue to the micro-structure. 
The size of the graphite flakes bears a very close 
relationship to both the total carbon and the 
combined carbon, irrespective of the other con- 
stituents. These two, perhaps, form the most 
important factors in the properties of the finished 
material. 


é t if 

It will be seen that up to a point the fracture 
is an adequate guide. It shows the main pro- 
perties of the material. . The chemical analysis 
alone is no guide to the fracture. Given any 
particular analysis, it would take a very bold man 
' to state the fracture. The fracture shows imme- 
diately the size of the graphite plates which have 
such an important effect on the physical pro- 
perties, but the chemical analysis gives no clue 
whateyer to this. 

How can analysis reconcile the difference 
between two similar fractures of close cylinder 
iron from two different plants, one with 3.2 per 
cent. total carbon and the other with 2.9 per 
cent.? This is bound up in the question of 
manufacture, and each blast-furnace plant, under 
its own individual conditions, despite the simi- 
larity of ores used, etc., produces a distinctly 
different product. 

Yet, as has been seen, the fracture gives no 
real clue to the micro-structure. The fundamental 
difference between 1.4 and 4.6 per cent. is enor- 
mous, and yet the two fractures on view are 
indistinguishable. The ‘‘ fracture diviner’’ is 
here at an utter loss, as is likewise the chemical 
analysis by itself. Whence lies the difference? It 
is solely in the differing operation of the blast 
furnace itself. 

The analysis gives the final key to this structure. 
The analysis, per se, is useless; it must be trans- 
lated into the terms of the structural analysis. 
From the foundryman’s point of view the analysis 
is important, but it is only of real service if he 
knows the analysis of the scrap used and the 
required analysis of the finished casting. 

The structure of a cylinder iron produced in a 
slowly-driven furnace is much more uniform, and 
amore even and regular distribution of the micro- 
constituents is found. The distribution of the 
micro-constituents, apart altogether from their 
incidence, plays a very vital part in the physical 
properties of the finished casting. In practice, 
for some inexplicable reason, such iron mixes more 
readily and easily with the other proportions of 
the cupola charge, and produces a stronger iron. 

The vital factors in the fixing of a specification 
are—the type of iron desired and the limits to 
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which the manufacturer can reasonably keep in. 
supplying the iron consistently. 

A close specification is possible for small amounts 
of material for special work, but where consistent 
supplies are demanded, it proves very awkward to 
get such supplies consistently. The terms of a 
specification should not be too rigidly fixed. On 
one occasion it may be possible to meet it, but 
on another no material may be available. 

What are the possible permutations and com- 
binations amongst fracture, total carbon, com- 
bined carbon, silicon, manganese, and phosphorus? 
Pig-iron is not like steel, where the operation is 
under excellent. control. Each one cannot be 
strictly specified to small limits. ‘ 

The silicon limits usually worked to are with a 
0.5 per cent. allowance, say from 1.5 to 2.0. per 
cent.; 2.0 to 2.5 per cent.; 2.5 to 3.0 per cent., 
and so on. It is only in very special work that 
any closer limits are any use to the foundryman. 
His own scrap must indeed be above any 
suspicion if a closer specification is to be of any 
benefit at all. 

An important factor in the supplying of pig-iron 
to analysis is the sampling. Special steps are 
taken at the Goldendale furnaces to ensure the 
greatest possible homogeneity throughout each cast, 
but it must be remembered that the pig-iron from 
a blast furnace is liable to slight variations in 
composition. Three pigs are sampled for drilling— 
one from the commencement of the cast, one from 
the middle, and one from the end, and the average 
of these is the average analysis of the cast. 

Some standard method of drilling the sample 
pigs is desirable. Slight variations occur over the 
surface of the pig, particularly with regard to 
the combined carbon and the sulphur. A fair 
way is to drill the pigs through from bottom to 
top, omitting, of course, the skin by a previous 
skimming and rejection of the drillings. The skin 
of a pig is invariably high in sulphur, and if 
included is liable to upset the estimation. of 
sulphur and silicon. 

With regard to the variations in analysis 
obtained between one chemist’s determination and 
another’s, these can, in the majority of instances, 
be traced to variations in the method of sampling. 
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On a given sample the results do not, as a rule, 


vary appreciably. Varying methods of analysis do. 


occasionally cause dissension. Standard methods 
of drilling for sampling and analysis are urgently 
required, and a very useful purpose would he 
fulfilled if these could be settled. One of the 
technical bodies now existing could serve a very 
definitely useful purpose by so doing. 

When ordering pig-iron, it saves much trouble 
if the question of the specification is thrashed out 
beforehand. In the first place, an open discussion 
as to requirements will clear the air and enable 
the definite requirements of the foundry to be 
formulated. 

Different foundries attach quite special import- 


ance to portions of the specification, which others | 


almost ignore. If such points are cleared up it 
saves expense. For instance, it is quite absurd 
to specify combined carbon which cannot fit in 
with the fracture desired. Yet such occurrences 
do happen. A frank discussion with the supplier 
always repays itself, particularly with regard to 
the fracture desired. 

The suppliers are always open to giving the 
correct material desired, and are anxious to avoid 
that almost, in practice, water-tight division 
between the blast furnace and the foundry. No 
specification is universal, and it is apparently, as 
yet, hopeless to fix one. Requirements differ very 
much. 

In conclusion, it is hoped that these few notes 
have given some idea of the complexities con- 
fronting those engaged in the supply of pig-iron 
to specification of fracture and analysis, and the 
writer would plead for a greater co-operation 
between supplier and user in the many problems 
and details which arise. 


DISCUSSION. 


Mr. J. Suaw (Sheffield) said that while he had 
always held the view that the ordinary analysis 
was not always a key to the physical properties 
of the iron, he must protest against the misleading 
‘statements of the author, while quoting one 
(silicon) constituent only. A glance at the con- 
tent of the open and white samples gave an 
immediate explanation. To compare irons which in 
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one case contained T.C. 3.68, Mn 2.11 and § 
0.046 per cent., with another that contained 
T.C, 2.49, Mn 0.37 and. § 0.32 per cent. simply 
because the Si was roughly 2.18 per cent. in each 
case was futile. The relation of the Mu to the 
S was quite as vital as silicon on their effect on 
the structure. The question of FeS had been 
mentioned in the Paper later on, and he (the 
speaker) would be pleased to learn if the author 
had ever identified FeS in cast iron even when 
‘the S was in excess of the Mn. This had been 
done in steel, but so far he (Mr. Shaw) had 
met no one who had seen it in ordinary grey iron. 
He was quite in agreement that some standard 
method of sampling should be devised, but what 
was of much more importance to the ironfounder 
“was that the furnaceman should keep his casts 
separate and not fill an order from two or three 
casts. Recently four pigs were taken from a 
wagon and a certain mixture for some experi- 
mental work based on the figures obtained. On 
completion it was found that the Mn was just 
double that obtained from the four pigs sampled 
and the whole of the work was wasted. He had 
not been alongside a blast furnace for 15 years 
without some knowledge of the difficulties of the 
blast furnace manager, and he thought if he would 
submit separate casts that did not quite meet the 
specification, most foundrymen would be willing 
to consider them and help him. Mixed casts could 
only lead to loss of custom. 


Mr. H. Frexp said there were two points in the 
Paper which called for attention. One had refer- 
ence to the varying content of manganese in the 
so-called high-manganese pig-iron. He gathered 
that the North Staffordshire pig-irons—and he 
referred to these in the general sense—were in 
demand particularly because of their high man- 
ganese content. To the Midland ironfounders 
they were often exceedingly useful, but only in 
so far as their high manganese content was main- 
tained, and he voiced the complaint, therefore, to 
the makers of these high-manganese irons. that 
the manganese content was most unreliable. 
During the last five or six years he had been all 
round the North Staffordshire furnaces in an 
endeavour to obtain abundant supplies of man- 
ganese irons containing always over 1.5 per cent., 
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and often over 2 per cent. manganese—according | 
to the makers. For his own purposes he had pre- 
pared a graph showing the variations in pig-iron, 
and in the present year the manganese content 
had varied from 0.6 to 2.9 per cent. in the North 
Staffordshire high-manganese pig-iron. It must 
be more reliable if it were to retain its reputa- 
tion. Dealing with physical properties, he asked 
Mr. Yates whether he really had evidence that 
when two irons, of similar analysis but of different 
fracture, were cupola melted, they possessed 
different physical properties. Was the structure 
of iron maintained with equal conditions in the 
cupola? 

Mr. Corin Gresty (Newcastle) said he had found 
difficulty in understanding the contradictory state- 
ments in the Paper with regard to analysis and 
fracture. First it appeared to be the author’s 
view that fracture and analysis must go together, 
but later he suggested that one of these was 
useless. It was difficult to know exactly what was 
meant, but it appeared to him that the author had 
made out a very good case for analysis only, and 
had proved that fracture did not matter. How- 
ever, he asked for more direct evidence on the 
point. The question was wrapped up with that of 
whether there was any difference in the properties 
when re-melted of two irons of the same analysis 
but different fracture. He himself had never 
discovered any difference, and at the works where 
he was engaged they had never, during the last 
fifteen years, to his knowledge, paid attention to 
the fracture of any pig-iron, but had worked 
- entirely to analysis. Consequently, he did not 
think there was a great deal in fracture. To the 
blast furnace manager or blast furnace chemist, 
who knew the conditions of the furnace, the 
fracture might be a guide in manufacture, but it 
appeared to be of little importance to the user. 
A statement made by Mr. Yates, in the Paper, 
that the size of graphite flakes bears a very close 
relationship to both the total carbon and combined 
carbon, irrespective of the other constituents, 
appeared to be somewhat ambiguous. He asked, 
therefore, for a definite statement as to that 
relationship, and whether it was really irrespective 
of the other constituents, because in other parts 
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of the Paper it would appear that silicon was the 
vital constituent. 

Mr. F. J. Coox (Past-President) disagreed with 
Mr. Gresty’s point that it was sufficient to work 
tov analysis alone, and said he thought. that Hail- 
stone and himself had broken that idea down 
“some years ago, when they obtained irons, the 
chemical analyses of which were so near as to be 
almost unbelievable, the physical properties of 
the castings produced varied widely. Therefore, 
they concluded that there must be some relation 
between fracture and analysis, and he considered 
it dangerous to suggest that satisfactory results 
could -be obtained by working to analysis alone. 
If, for instance, he were given an iron with an 
analysis which he considered to be satisfactory, 
but on examination of the fracture he found it 
was white iron, whereas he wanted a thin grey- 
iron casting, he would not accept it. 

Mr. W. Jottuy congratulated the author upon 
having contributed the Paper, and assured him 
that there was no need to be despondent as the 
result of the adverse criticisms made. It was 
far better to do something which aroused criticism 
than to do nothing at all; indeed, it had been 
gaid that the man who never did anything wrong 
never did anything at all. He believed that the 
best method of testing pig-iron was to analyse it, 
and then to follow up the daily casts by using 
the Keep method. Fracture also must be taken 
into consideration ; otherwise one would sometimes 
produce castings which, though in every way 
correct according to analysis, would fail physically. 

Mr. N. D. Riwspate (Middlesbrough) supported 
the author’s remarks as to the necessity for a 
standard method of sampling pig-iron, and con- 
sidered that that was even more important than 
4 standard method of analysis. A reasonably 
accurate method of sampling was to drill from the 
top to the bottom at a point midway between the 
centre and outside of the inverted pig. One 
method, which was not too tedious, was to place 
a broken piece of pig-iron 6 or 8 in. long in a 
lathe, where it was held by a chuck, and to take 
side shavings right across the section with a side 
shaving tool. ‘The fractured face must first be 
sawed off level, and then a complete slice could be 
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turned off the pig and the turnings carefully 
collected while it was revolving in the lathe. This 
method was much more practicable than the 
ordinary method of planing. As to the alleged 
practice of some pig-iron makers, of mixing 
unsuitable material with casts of suitable material, 
in order to work off some of the former, he agreed. 
that such a practice was very mischievous, inas- 
much as chemists could seldom sample a large 
number of pigs from each batch. 


Mr. E. LonepEn agreed that it was necessary to 
consider both analysis and fracture. In illustra- 
tion of this he referred to a heavy casting in 
No. 4 Derbyshire iron, the boss of which was 
almost unmachinable, whereas the rim could be 
machined fairly easily. The analysis had con- 
veyed nothing in that case. He also expressed the 
view that the orthodox analysis was not sufficient, 
and that it should be extended to include the 
gases present in the metal. 

Mr. A. Locan said there was doubt in his mind 
with regard to the particular pig-irons which 
were referred to as being on view in the Exhibi- 
tion, and which both contained silicon in the 
neighbourhood of 2 per cent. One was a white 
iron and one an open iron as Mr. Shaw had stated. 
The analyses of these showed that one contained 
high sulphur and low total carbon, and the other 
contained low sulphur and high total carbon. 
Then he himself believed that that was the 
explanaticn as to why one was white and the 
other open; the whole thing was explained by 
analysis entirely, in which case the paper was 
really very misleading. It appeared completely 
to make out a case for analysis only. He con- 
firmed Mr. Gresty’s remarks with regard to work- 
ing to analysis only, and was of opinion that pig- 
iron fractures were immaterial. He took excep- 
tion to the paragraph which stated that ‘‘ The 
fracture is a guide to the internal structure of 
the metal, which is, after all, the main considera- 
tion in the finished casting. Re-melting an iron 
does not destroy its initial structure, though it 
may be modified due to varying cooling rates.” 

Mr. J. E. Fretcuer, referring to the author’s 
question as to what were the possible permutation 
and combinations amongst fracture, total carbon, 
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combined carbon, silicon, manganese and phos- 
phorus, said that a consideration of the points 
mentioned in that question lay at the root of what 
had been attempted to be said that morning with 
respect to the influence of either one or two 
special constituents in cast iron. Though we 
were getting nearer to the truth gradually, we 
should realise even now that we knew very little 
indeed as to the results of these combinations and 
permutations. That was one of the directions in 
which any research association or scientific body 
had to work in connection with cast iron. We 
had not yet reached the point at which we could 
say that the manganese-sulphur relationships 
were the most vital, or that the silicon, total ~ 
carbon and graphite were the most reliable indices 
as to what an iron really was. The statement 
‘that fracture had nothing to do with the ultimate 
results in the casting could not, he believed, he 
verified. There were those who used portions of | 
white iron in their mixtures, giving certain 
results which were not obtained unless that white 
iron were used. Such points as that had not yet 
been solved in any satisfactory sense, and yet we 
could, after a certain amount of experience, | 
choose our mixtures by chemical analysis and 
fracture and obtain results in accord with what 
we might expect. But unless, under such circum- 
stances, we took care to examine the fracture of 
certain ingredients put into our cupola charges, 
trouble might occur, and he did not think we 
could depend entirely upon chemical analysis. 
He thanked Mr. Yates for having brought this 
subject forward; it was one which came forward 
almost every year in one way or another, and 
many foundrymen, especially those engaged in 
making the stronger types of iron, were finding 
already that analysis alone did not provide a 
sufficient safeguard. He had found, in the course 
_of many years’ work, that the structural com- 
position of a cast iron, when worked out, would 
give some yery useful information, but something 
more was necessary. In addition to the points 
already mentioned as influencing cast iron, there 
were questions such as temperature of fusion and 
melting, mass effect, casting conditions, and the 
condition of the mould; those were quite sufficient 
to make one wonder which of them was the most 
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vital in co-relation with the chemical and micro- 
graphical analyses as determining the desired 
properties of a cast iron. 


AUTHOR’S REPLY. 


Mr. Yarxrs replied to the discussion. Dealing 
with Mr. Shaw’s remarks as to individual cast 
analyses, he said that every hundredweight of 
pig-iron that was sent out, so far as he had any. 
thing to do with it, was supplied out of one 
individual cast. If there were two individual 
casts in a consignment, the analyses of both were 
provided, and no pigs out of one cast could pos- 
sibly get into another cast except by the merest 
accident. Each cast was stacked individually, 
and that meant considerable trouble for the pig- 
iron producer. One point he had noticed with 
regard to manganese sulphide was that it would 
most persistently segregate to the top of an iron,. 
whereas iron sulphide did not show any such 
tendency. 

Mr. Suaw asked how he knew that it was iron 
sulphide. 

Mr. Yares replied that he appreciated what 
Mr. Shaw was getting at, but must refer him to 
the papers on the subject. It was too much for 
any one man to go into all these points, and we 
must take so much for granted from other 
people’s experiences. 

Replying to Mr. Field, he said that the high 
manganese content was a characteristic of the 
North Staffordshire iron, but the variation from 
0.6 to 2.9 per cent. was a very wide one, and he 
would like to know why Mr. Field experiences 
such a wide variation. In blast-furnace practice, | 
whilst one could not control the manganese con- 
tent within small limits, one could control it 
within limits closer than those mentioned, and if 
Mr. Field cared to put forward a specification 
of limits which a blast furnace could work to with 
that particular product, no doubt he would find 
that he would get the material he wanted. 

With regard to the different physical pro- 
perties of irons with different fractures, on re- 
melting, he said that iron was supplied both to 
analysis and fracture, and in a good many cases 
even to-day it was supplied to fracture alone; 
the users did not seem to bother about analysis 
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so long as the fracture was given. He would be 
glad to meet Mr. Gresty at some time when he 
was buying pig-iron, because it was very much 
easier for pig-iron producers to supply to! analysis 
only than to supply to analysis and fracture. 

The Prestpent asked if both analysis and frac- 
ture were specified in any case. 


Mr. Yares replied that analysis and fracture 
were specified in 50 per cent. of the cases. The 
various fractures were shown on the stand, and 
they represented the ordinary shades to which the 
iron was graded. Some buyers asked for one 
particular fracture, some would give the alterna- 
tive of one or two, whilst some asked that the 
iron should not be too close or too open. The 
fracture was important in 50 per cent. of the 
cases, and if the fracture were not of the type 
usually received the producers usually heard about 
it very quickly. 

Replying to Mr. Gresty’s question as to the 
relationship of the graphite flakes to the total, 
carbon and combined carbon, he said that the 
size of the graphite flakes made a distinct differ- 
ence in the,ordinary way between the fracture 
of a No. 1 Cleveland and the ordinary No. 4, 
and it was well known that the combined carbon 
rose progressively from the more open to the 
closer fracture. Incidentally, the total carbon 
fell. The fractures shown on the Cast Iron 
Research Association’s stand illustrated the point 
with regard to total carbon, although the com- 
bined carbons were not given. 

In reply to Mr. Ridsdale, he said that what was 
wanted more than any rigid scientific method of 
sampling was a method which could be applied 
conveniently in works to give consistent samples. 
Tt should be possible to drill pigs in the same 
way and get the same results with the same 
methods of analysis, and that, after all, was what 
was wanted in the foundry and blast-furnace 
plants more than any rigidly scientific method 
which was going to differentiate between pigs the 
silicom contents of which varied within very 
narrow limits. Consistency was the thing that 
mattered in pig-iron, and if standard methods of 
sampling and analysis could be arrived at it 
would ease the situation. Some people, for 
instance, would drill a hole straight into the face 
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of the pig, some ‘included the skin even in the 
drillings for analysis, and so on, and that sort of 
_thing caused friction between the blast furnace 
and the foundry. 

With regard to gases in .pig-irons, he said that 
from the blast furnace point of view he could not 
offer much enlightenment on the point. The 
whole subject of gases in metals was very vague, 
and it was just one more of those permutations | 
and combinations mentioned by Mr. Fletcher, 

In reply to Mr. Logan, on the question of man- 
ganese and sulphur, he said it was a well-recog- 
nised rule in blast-furnace practice that the higher 
the manganese which one could run in the burden, 
the lower the sulphur over the whole series of 
fractures. If one had trouble with sulphur in the 
pig, due to the coke used—and blast-furnace coke 
was not uniform—the trouble could always be 
cured by high manganese. So far as his experi- 
ence went, the same factor operated in the. cupola. 

Mr. Locan said the point was whether the 
difference in the fracture of the white iron and 
the open iron was due to the difference in the 
composition of the two pigs used. 

Mr. Yatss replied that it was, but the vital 
point in the production of all those fractures was 
the temperature of operation of the furnace, 
which varied from time to time. He agreed that 
white iron with 2 per cent. silicon was an anomaly, 
but such anomalies were produced. In blast fur- 
nace work one was dependent upon thermal con- 

ditions more than upon anything else, and it was 
that that one had to watch in getting the frac- 
ture required. 

On the question of abnormal fractures, he said 
that fracture was no guide when the pig-iron had 
been subjected to abnormal cooling conditions. 
Under ordinary conditions, however, where the 
same cooling conditions prevailed in the pig bench 
time after time, there were no alterations in frac- 
ture. The conditions in ordinary circumstances 
did vary slightly, as, for instance, between a wet 
and a dry day, but on the whole such variations 
did not produce any alterations in the fracture of 
the pig, and the properties seemed to persist in 
the metal when re-cast. 
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SOME NOTES ON THE CHEMISTRY OF THE 
CUPOLA. 
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By F. C. Thompson, D.Met., B.Sc., and M. L. Becker, 
B.Met. (Associate Member). / 


The chemistry of the reactions involved in 
cupola practice is a considerably more compli- 
cated matter than would at first sight appear. 
The following short Paper is, therefore, presented 
more in the hope of stimulating thought and dis- 
cussion than in that of adding a very substantial 
contribution to the subject. The data required 
before the matter can be really dealt with as a_ 
scientific problem is still largely lacking, and as a 
sequel to this preliminary review it is intended 
_to carry out experimental work to attempt to fill 
up some, at any rate, of the more obvious gaps. 
Since the design of any furnace can be nothing 
but empirical until the fundamental chemical and 
physical principles involved are understood, the 
subject is of vital importance to the industry, and 
any contribution, however imperfect, may hope 
to add a little to the genezal store of knowledge. 
The authors would at the very start impress the 
fact that they have no wish to appear dogmatic 
in a field where dogmatism at the present time is 
irreconcilable with scientific treatment, but have 
presented a few points in the light in which they’ 
appear to them. They feel that it is in the 
interests of the industry to do this even if their 
ideas are proved incorrect, as the very fact that 
such proof is adduced will add to the store of fact 
available for future workers. 

As an example of the indefiniteness of almost 
everything in this field it may be pointed out 
that even the details of the combustion of carbon 
are uncertain. It is generally held that this first 
burns to carbon dioxide, which later, by inter- 
action with more carbon, is converted into the 
monoxide. The view is held by some very eminent 
chemists, however, that carbon monoxide is the 
first stage of the reaction, and, so far as the 
cupola itself is concerned, the available data is 
by no means conclusive. So far as it goes, how- 
ever, it tends to fall into line mainly with the 
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older view. Rhead and Wheeler (') appear to have 
shown reason to believe that both oxides are 
formed simultaneously, and this middle course 
may well prove to be the correct one. The matter 
is clearly of first-rate importance, and any light 
thrown on it in the discussion will be of the 
greatest value. 

As an introduction to the subject, it has been 
thought well to attempt to draw up a thermal 
balance-sheet for a typical cupola. It is not, of 
course, the first time that this has been attempted, 
but in so many cases the attempt has been done 
with inadequate completeness. Such a balance 
properly drawn up cannot but indicate the lines 
on which fuel may be saved and thus afford 
possible suggestions to designers and others. 


The Thermal Balance of the Cupola. 


The heat developed by the combustion of the 
coke can be readily calculated if the calorific 
power is known together with the composition of 
the escaping gases. 

Let W be the weight of coke burnt per unit 
time. 

Let C.P. be the calorific power of the coke. 

Let 1/y be the fraction of the carbon burnt to 
CO, and 1-1/y or (y-1)/y be the fraction of the 
carbon, burnt to CO,, then the heat generated per 
unit time is approximately :— 


Wx GP. x i (1) 


Now this heat is divided in many ways. In the 
first place there is :— 

(i) That used in raising the pig-iron to its 
melting point, melting it, and then raising the 
molten iron to the tapping temperature. 

(ii) The heat required to raise the temperature 
of the escaping gases to the temperature at which 
they leave the stack. 

(1ii) Heat is also expended in forming the slag, 
melting it and raising its temperature to that at 
tapping. 

(iv) The heat lost by radiation from the walls 
of the cupola. 

In this survey we have considered the conditions 
during the period after the cupola is running uni- 
formly, and have not considered the heat required 
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initially to raise the temperature of the brick- 
‘work, nor have we considered the bed-coke. 


Now, there are not available all the data re- 
quired to work out this theoretical heat balance 
in detail, and we shall have to be satisfied with 
approximations in many cases. These can, how- 
ever, be predicted with an accuracy which is suffi- 
cient for the present purpose, namely, the deter- 
mination of the main sources of wasted fuel. 

Let us now take items (i) and (iv) in turn and 
attempt to determine their magnitude. 

(Norr.—The C.G.S. system will be used for con- 
venience throughout.) 

(i) Let M be the weight of iron melted per unit 
time. 

Let s be the mean specific heat in the solid 
state. 

Let J he the latent heat of fusion. 

Let s’ be the mean specific heat in the liquid 
state. 

If t is the melting temperature and T that ‘of 
tapping, then the heat required for this portion 
of the work of the cupola is :— 


Mis x t+1+s(T—t)] 

It would appear that the mean specific heats in 
both the solid and the liquid states are not far 
from 0.15, while the latent heat of cast iron, 
though very uncertain, may be taken as of the 
order of 30. 

Thus (i) becomes equal to M(O, 15 T + 30). 


(ii.). To burn W gms. of coke per sec. of which the 
percentage of ash is a, t.e. a weight of carbon of 
ge requires 4/3 this weight of oxygen if the 
combustion is to CO and 8/3 the weight if to CO,. If the 
fraction burnt to CO is 1/y, then the weight of oxygen 

_ x (100—a) | 8y—4 
needed is Mi aren rine 3y- 
The weight of nitrogen introduced with this oxygen is 
77 ~(100—a) 8y—4 
phen 53°" 190 By 

The weights of CO an CO, formed are respectively, 
(100—a) W 4 y-1 11, @00—a) 

10057 Spee ay es 100 

The BE heats at constant volume of these 
gases are very nearly the same, and from room 
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temperature to, say, 400 deg. C. may, nearly 
enough, be taken as 0.25. Further, they vary 
comparatively little with temperature. It may be 
worth pointing out that water vapour has, a 
specific heat about double this value. 

If now +t’ be the temperature of the gases as 
they leave the stack, the’ heat represented by (11) 
becomes nearly:— ~ 

W (100 —a) t’ | 5.8 
100 [12.6 = “=| 


(iii) So far as the slag is concerned, there are 
no very reliable figures for the heat of formation 
and the latent heat of fusion. It is probably 
sufficient to assume that, taking the heat of 
formation and the latent heat together, there will 
be an evolution of about 50 calories per gram of 
slag formed. This figure may be arrived at in 
two ways. Akerman (7) obtained for the total heat 
of fusion of slags of the nature of cupola slags 
the value of approximately 370 cals. There is not 
much doubt that the specific heat is of the order 
of 0.3. At a temperature of around 1,400 deg. C. 
there will be some 420 cals. needed, and the 
difference of this figure and the 370 represents 
the net heat evolution due to the combined forma- 
- tion and fusion. A calculation made by Mr. EK. O. 
Jones, A.R.S.M., has also yielded an almost 
identical figure. 

If burnt lime be used we shall not then be 
far from the truth in putting item (iil) at :— 

m(0.3T — 50), where m is the weignt of slag 
formed. 

The production of burnt lime from the limestone 
charged involves a certain absorption of heat. 
The value of this is:— 

m’ x 451 cals. per gram, where m/ is the weight 
of limestone charged. 

The total value of (iii) thus becomes :— 

m(0.3T — 50) + m’ x 451 

The radiation loss and certain other small items 
must now be considered. ‘The latter involve such 
matters as the dehydration of the charge, the’ 
water-gas reaction from the steam so generated 
and that in the blast, the cooling due to the ex- 
pansion of the blast as it enters through the 
tuyeres and loss of pressure. 
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Both theoretically and experimentally it may 
be shown that in a well-lagged cupola the radia- 
tion loss, is negligible, being certainly less than 
1 per cent. of the heat generated by the coke, and 
probably very much less. The theoretical treat- 
ment need hardly be given here, but as an experi- 
mental verification of the fact, the figures may 
be cited of Piwowarsky and Broglio. (*) For their 
standard cupola the radiation and conduction loss 
was 10.4 lbs. of coke per hour compared with a 
total consumption of 2,150 lbs. per hour, 1.e., 
about one half per cent. It is’ clear that this 
source of loss is practically negligible. The water 
present is difficult to deal with, and in all proba- 
bility is not. important, though there can be little 
doubt that. the dryer and hotter the air the better. 
Even. slight increases in blast temperature may 
be expected to result in appreciable economies. 
The cooling of the blast on entry into the furnace 
for the pressures used in cupola practice can be 
neglected. 

We have thus evaluated the various factors of 
a physical nature which operate in the cupola, 
but there is one source of heat which we have 
neglected, namely, that due to the oxidation of 
iron and of the constituents in the pig. For each 
gram of silicon oxidised there is a heat. evolution 
of 6,400 cals., of iron (to FeO) 1,170, and of man- 
ganese 1,650 cals. 

Let p, q and r be the percentages of these 
elements respectively which are oxidised, then the 
heat evolved will be:— 

M(6,400p + 1,650r +- 1,170q) 
PRS ee eae (i ae eer 

Suppose p to be 0.25, r 0.1, and q 1, then this 
becomes M(16 + 1.65 + 11.7), 2.e., nearly 30 M. 

We are therefore left with the relationship :— 
. y—0.7 W(100 — a) . t’ 
W. C.P. M (0.15T + 30) + “iii 


hy 
[ 12-6 zs aaa + m(0.3T— 50) + 451 m’+ 30M (A) 
Now m/ will be about 0.9 m. 
And'm normally about 0.04 M. 


The O.P. of a typical coke may be taken as 
7,000 cals., and a as around 123 per cent, 
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As a check, and thus to determine whether the 
values for the various thermal constants chosen 
are reliable, the result may be used to determine 
the melting ratio for a typical case. That chosen 
is for a composition of escaping gases containing 
equal volumes of the two oxides of carbon and 
a temperature of about 425 deg. C.. With 
otherwise the same meanings and values for the 
factors as before, the ratio of the weight of metal 
tapped at 1,425 C. to that of the coke with 12} 
per cent. of ash used is 15.4. This is clearly a 
reasonable figure, and indicates that the constants 
adopted are near to the truth, sufficiently so at 
any rate for the qualitive use of the equation for 
determining the relative effect of each part of the 
process. Incidentally equation A 1s also useful 
as giving the theoretical limit to which coke 
economny could be pushed in the ideal case where 
the escaping gases were at the same temperature 
as the foundry and contained no carbon monoxide | 
at all. In this limiting case, which, of course, 
can never be expected in practice, it would be 
possible to melt a ton of iron and tap it at 1,425 
deg. C. with a coke consumption of only just over 
two-thirds of 2 cwt. 

To illustrate the effects of the completeness of 
the combustion of the carbon, the temperature of 
the escaping gases and the tapping temperature, 
Figs, I, II and III nave been plotted. They are 
self-explanatory and need no elaboration. 

It is now possible, making the same assumption 
as before—i.e., tapping temperature of 1,425 deg. 
C., temperature of the gases 425 deg. C., and 
CO/CO, ratio=1—to get an idea of the relative 
amounts of heat used for the different purposes, as 
shown in the following table :— 


For heating and melting the metal 52.6 per cent. 
For heating and melting the slag 6.8 per cent. 
EGS Tg O ASCSM SU Pasa gtita et aoe oe doaah sod 47.1 per cent. 
Host by 1 CACIA LION NELCH (14... -2Nf 0 0.3 per cent. 
Gain by oxidation of iron, etc. ... 6.8 per cent. 


Of the heat required for the slag about one- 
half is used to burn the limestone. 

The real efficiency of the cupola as an iron 
melting apparatus may be measured by the ratio 
of the heat in the molten iron to that absorbed 
as a whole. The figures just given show that the 
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efficiency on the basis of the heat from the coke 
burnt is 52.6 per cent. On that of all the heat 
provided, however, both from the coke and from 


— Wet.of Metst 
tof Coke. 


Melting Ratio = 


Percentage of Carbon burnt to CO,.° 


: Fic. ee 


Theoretical efficiency of cupola plotted against the 
percentage of carbon burnt to COz for yarious tem- 
peratures (t') of escaping gases and for a constant 
tapping temperature of 1,425 deg. C. 


the exothermic reactions this is reduced to about 
49.1 per cent. , 

Now clearly the only possible‘sources of economy 
lie in the heat actual or potential lost in the 
gases, about one-half of all the heat which could 
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be generated by the coke, and the slight gain by’ 
the use of burnt lime. We may now proceed to 
discuss what appears to be possible in these direc- 


‘tions. 


30 
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Thermal efficiency of cupola plotted against the 


ratio ra (by vol.) in the escaping gases for various 


y be 
temperatures (t') of the latter and for a constant 
tapping temperature of 1,425 deg. C. 


Reactions with Carbon. 


It has already been pointed out that the course 
of the reaction between carbon and oxygen at 
high temperatures is far from certain, and the 
most probable effect is that both oxides of carbon 


are formed. That CO, is the main product at 
a2 
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first is generally supposed and is in agreement, 
for instance, with the analysis of the gases re- 
corded by Piwowarsky and Broglio taken at the 
tuyere level. These gases consisted of :— 

CO, , CO OF 

15% 0.5% 7%, 


- 


We. of Metel 


Melting Ratio We of Coke. 


100 1200 1309 Boo ts00 *ba0 


Topping Temperature ( xe ). 


Kig. 3, 


Effect of tapping temperature on melting ratio. 


. This reaction is highly exothermic, and is fol- 
lowed by a further reaction between the carbon 
dioxide and the hot. coke, in which carbon 
monoxide is the product.’ This absorbs a great 
deal of heat and tends to set a limit to the hottest 
zone of combustion. There is evidence, however, 
that the reversion to carbon monoxide may not 
be so complete as is often imagined. 
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The gases as they leave the zone of combustion 
pass into the cooler portions of the furnace and 
in contact with the relatively cool charge give up | 
-a portion of their heat. Now, when in equili- 
brium, a mixture of carbon monoxide and dioxide 
tends, as the temperature falls, to change its com- 
position so that a definite amount of each gas 
is present at a definite temperature. This would 
tend to cause in the stack a gradual disappear- 
ance of carbon monoxide and its conversion into 
the dioxide. It is true that under the conditions 
which obtain in the cupola where the ascending 
gas stream is moving with a high velocity, equi- 
lbrium cannot be attained, but there will be the 
tendency for this to happen. The result will be 
that if AB of Fig. 4 represents the equilibrium 
content of carbon dioxide at the various tempera- 
ture zones of the cupola, taking into consideration 
the nitrogen present, the actual amount of this 
gas AD will lag behind, or, in other words, the 
composition of the gases will be that character- 
istic of a temperature higher than that which 
actually obtains at the particular level, 


Now, two things may cause the gas mixture 
to approach more nearly to the equilibrium con- 
dition. In the first place catalytic agents may 
be present, and it is known that iron itself has 
a definite effect in this direction. ‘Secondly, as 
the time for which the gases are enabled to react 
is increased the tendency to approach the equili- 
brium composition will also be increased. This is 
effected by reducing the speed of the gas stream, 
1.e., the blast pressure. ‘This conclusion may. be 
checked, and is valuable as affording a confirma- 
tion of this reaction in the stack. It appears to 
be quite generally agreed that rapid melting is 
incompatible with fuel economy. Osann (‘), for 
instance, and Korevaar (°) both accept this posi- 
tion. It is, of course, true that the slower gas 
stream will have more time to transmit its heat 
to the charge by radiation and hence to leave the 
cupola at a lower temperature, but the chemical 
effect is also present. It may be thought that the 
various published. analyses of gases from various 
positions in the cupola would avail to establish 
the truth or otherwise of these ideas, but the 
authors feel that there is no evidence of any set 
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of analyses being available which impress them 
as being completely reliable. The depth of immer- 
sion of the sampling tube into the furnace, changes, 
of composition of the gases with time, and so many 
other factors come into the experiment that con- 
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Effect of temperature on the equilibrium between 
carbon and a mixture of COs, CO and Ny, resulting 
from the combustion of carbon in air (calculated for 
the atmospheric pressure). 
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siderable precautions, not generally taken, are 
required before satisfactory results would be 
obtained. 

To revert to the question of the rate of ascen- 
sion of the gases, not too high a blast velocity is 
obviously required, while as an additional assist- 
ance the area of the stack may be enlarged above 
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the combustion zone. Some cupolas have been 
designed on these lines, and although practical 
points may arise which render them unsatisfactory, 
and with such we have no intention of dealing, 
yet the shape is one in accord with the demands 
of physico-chemical theory. The more slowly, then, 
the gases rise through the stack, the more com- 
plete will be the heat transference to the charge 
and the lower will be the loss due to the escape 
of carbon monoxide. 

Related with this is the question of the height 
of the stack. Clearly a cupola so short that the 
gases were still very hot at the charging door 
would be bad both from the point of view of the 
direct heat thus lost and also from the fact that 
the conversion of carbon monoxide into the dioxide 
and carbon does not occur to any marked extent 
until a temperature of about 700 deg. C. is 
reached. The reaction ceases around 400 deg. C., 
and from this point of view the cupola should be 
so designed that with normal working the gases, 
as they leave the charge, should not be at a higher 
temperature than this. The economy which can 
be obtained by reducing the temperature still 
further is less than that brought about by the 
previous reduction, since from now onwards the 
economy can be only that resulting from a more 
perfect transference of sensible heat to the charge, 
and no further saving can be effected by a reduc- 
tion of the carbon monoxide. If the conclusion be 
accepted, and working from the fundamental 
assumption that in the stack carbon monoxide is 
gradually converted into the dioxide, there is 
little chance of escaping it, one very definite prac- 
tical fact emerges. For a given output of iron 
per hour the fuel consumption will be less ina 
large. cupola with a low-velocity blast than it will 
-be in a smaller one in which the blast pressure 
is higher. It would be of great assistance to know 
whether or not this can be substantiated. 

Porter (°) agrees with these results and. states 
that, from the point of view of economy, “ increased 
height of cupola has been shown to rest upon a 
sound theoretical basis, while the results of prac- 
tice indicate that it accomplishes the results 
desired.’”? We wish to.stress the fact that such 
economy is not merely the result of more perfect ' 
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transference of heat to the charge, but is also 
that of a more perfect combustion of the coke to — 
CO,. During the final stages of a blow after 
charging has ceased and the effective height of 
the furnace is diminished, there is not only ap 
increase of temperature of, the escaping gases, but 
also an increase in the percentage of carbon 
monoxide in these gases. 


Lime or Limestone. 

It has already been seen that the limestone 
added will, at a certain temperature, be converted 
into lime and carbon dioxide, and that this reac- 
tion absorbs an amount of heat which is more or 
less equal to the whole of the heat otherwise 
required for the formation and heating of the 
slag. The substitution of lime for the unburnt 
limestone would remove the necessity for the 
provision of this heat, and lime having a lower 
specific heat than the carbonate, less heat would 
be required for its heating to the temperature 
of decomposition. The heat absorption, in the 
atmosphere which obtains in the cupola, takes 
place about 800 deg. C. and thus produces a 
cooling effect around the very temperature at 
which the reaction by which carbon monoxide 
passes over into the dioxide with the deposition 
of carbon tends to take place. Further, the 
evolution of a relatively large volume of carbon 
dioxide can only have a deleterious effect’ on the 
extent to which this latter reaction can occur 
The monoxide is at a temperature at which it is 
tending to be changed in part into the dioxide, 
and the further the CO content of the gases is 
from the equilibrium content at the temperature, 
the more rapid would the change be expected to 
be. The dilution of the gases with CO, must 
reduce the rate at which the latter gas is formed, 
and as a result cause the escaping gases to be 
richer in the monoxide. It thus follows that 
although a direct economy of the order of rather 
more than 2 per cent. of the total coke charged 
would be effected by the substitution of lime for 
limestone, there is also an indirect effect, the 
degree of which it is difficult to gauge, but which 
may well be far more appreciable, in the better 
combustion of the fuel to the dioxide. It is in 
the latter direction particularly that real economy 
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is to be looked for. In any case it appears to be 
uneconomical to use expensive foundry coke to 
burn lime, which is essentially what ‘is at the 
present time being done. 

Since it is difficult to store quicklime for any 


length of time without it becoming slacked, it 


becomes necessary to consider the effect on the 
fuel economy of the cupola of the addition of the 
latter form. In the first place, the heat required 
to convert this into quicklime is, for the same 
weight of lime, only a little more than half that 
required for the decomposition of the limestone. 
Against this, however, must be put the fact that 
the specific heat of slacked lime is about 1.8 times 
that of the carbonate. Neither of these facts, 
however, appears to be of much importance, since 
the temperature at which the dehydration of 
slacked lime takes place is about 450 deg. ©. This 
is a temperature around which the reaction 
200 + CO, +0 

essentially ceases, with the result that heat taken 
from the stack at this point is more or less 
immaterial from the point of view of efficient 
combustion of the fuel. Even slacked lime, then, 
has two advantages over limestone. In the first 
place, as a result of its relatively low temperature 
of decomposition, it absorbs its heat outside the 
important temperature range, and secondly, it 
does not throw into the gases a gas which retards 
the formation of carbon dioxide from the mon- 
oxide. Both facts will tend to accelerate the rate 
of formation of carbon dioxide. We do not know 
any full statement of the effects of substituting 
lime for limestone in the cupola, and if the experi- 
ment has not been carefully tried it would appear 
to be well worth investigation. There are many 
cases on record where in the blast furnace, gener- 
ally of small dimensions, economy has followed 
the substitution, and these confirm from the 
chemical point of view the suggestions made, 
There is also one point in connection with design 
which would follow from the use of lime. Since 
the cooling effect well up in the stack would be 
eliminated, the height of the furnace would, for 
equal efficiency in so far as the temperature of 
the escaping gases was concerned, require to be 
raised. 
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Reactivity of the Coke. 


In blast furnace circles particularly, much has 
lately been written concerning the effect of the 
“ reactivity”? of the coke on the fuel consump- 
tion. It is not, perhaps, out of place to examine 
very briefly the problem from the point of view 
of cupola practice. The authors, however, tread 
with diffidence, since the question is one of more 
than usual difficulty and uncertainty. - 

The reactivity of coke is measured, as a rule, 
by the extent to which at any temperature it has 
the power of reducing carbon dioxide to the 
monoxide. This is largely determined by the size 
and porosity, the smaller and more porous ma- 
terials doing this to a greater extent than the 
larger and denser ones. At the same time there 
_is some other factor, since size and porosity alone 
do not completely determine the result. As the 
temperature rises this reactivity also increases, 
and at the temperature of the melting zone of 
a cupola there can be very little difference in this 
respect between the cokes which may be used as 
a result of their other physical and mechanical 
properties. If then there is to be anything in 
the question of reactivity, it must lie chiefly in 
the behaviour of the coke at the lower tempera- 
tures. 

Much of what has been written in connection 
with this subject appears to suffer from serious 
inconsistencies. Arend and Wagner, (’) for in- 
stance, say that for a given temperature the sta- 
bility of carbon dioxide in the presence of coke 
will be diminished as the reactivity rises. This 
being true at all temperatures it should follow 
that the escaping gases must be richer and richer 
in carbon monoxide as the reactivity of the coke 
is raised. "This, however, is a rather one-sided 
way of looking at the matter, since although what 
has been said is true so far as it goes, it holds 
when, and only when, the concentration of carbon 
dioxide exceeds the equilibrium content at that 
temperature. The effect of the reactivity of the 
coke is more or less catalytic, and merely 
accelerates the rate of approach to, but not the 
value of, the equilibrium composition. It must 
not be forgotten that as a result of the high 
speed of the ascending gases and the relatively 
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low velocity of the reaction—2C0 CO, +:C_the 
composition of the gas inside the cupola at any 
level does not correspond with the equilibrium at 
the temperature but to one at a much higher 
temperature. All this is leading up. to the point 
that in the stack of the cupola itself the gases 
are always richer in carbon monoxide than corre- 
sponds with the equilibrium value, and are thus 
on the opposite side of this equilibrium from that 
thought of in connection with the usual measure- 
ment of reactivity. In a catalytic change the 
catalyst alters the rate of approach to equilibrium 
only, and it would thus appear that a reactive 
coke, just as it accelerates the rate of conyersion 
of carbon dioxide to carbon monoxide, should 
equally increase that from the latter oxide to the 
former when the conditions are reversed. Hi 
then reactivity means anything at all in cupola 
practice, and that is a matter which can be deter- 
mined by experiment only, a reactive coke should 
be chosen. Indeed, if such a fuel does bring about 
economy in the blast furnace, and there is general 
agreement on this point, there is no reason which 
the authors can see why it should not be equally 
beneficial in the cupola. The conclusion of Porter 
that the combustion in the cupola differs from that 
in the melting zone of the blast furnace appears 
to us to be based on unsound fundamentals. 


The Addition of Further Air Through Auxiliary 
Tuyeres. 

Above the zone of combustion there is un- 
doubtedly a considerable amount of carbon 
monoxide in the gases. It is but natural, there- 
fore, that the suggestion should have been made 
and repeatedly tried experimentally that this CO 
might be utilised by blowing in at a level appre-- 
ciably above that of the tuyeres a further supply 
of air. If, however, this is done the obvious | 
result is merely to reproduce more or less the con- 
ditions which obtain at the tuyere zone. Much 
heat is generated at a relatively high level in the 
furnace, and cannot be transferred to the charge, 
with the result that the escaping gases will be 
raised in temperature correspondingly. This will 
also tend to reduce the lower temperature trans- 
formation of carbon monoxide to the dioxide. 
Even if on the whole the gases do contain a little 
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more carbon dioxide, and even on this point the © 
evidence is not clear, any gain by this rather more 
perfect combustion may be more than lost by the 
greater loss of “‘ sensible ” heat in the gases. The 
conclusion can hardly be escaped that what air 
is required for combustion should be blown in at 
the tuyeres to keep the zone of combustion as low 
as possible. 

Recalling what has already been said concerning 
the equilibrium between carbon mon- and di-oxide 
at high temperatures, it will be realised that the 
whole argument for auxiliary tuyeres rests on a 
fallacious basis. At tuyere temperatures the 
equilibrium is one in which almost the whole of 
the gas tends to become CO. ‘The addition of more 
air may temporarily convert some of this into the 
dioxide, but this, by interaction with more carbon, 
will pass again into the monoxide stage. The net 
result will be the same as if the air had burnt 
not the carbon monoxide, but more coke. This 
clearly, when taking place high up in the stack, 
can only lead to wasted energy. | 


It may incidentally be worth pointing out that 
in the absence of excess carbon and at, say, 
1,650 deg. C. (a temperature which may very well 
be reached by the hottest gases), there is not 
complete combustion of carbon monoxide in oxygen, 
about 1 per cent. of the dioxide formed remaining 
as carbon monoxide and oxygen. As the tempera- 
ture falls, however, the latter will rapidly decrease 
to immeasurably small quantities. 


After the above was written the authors’ atten- 
tion was drawn to the Paper by Porter already 
mentioned. His ideas and ours, though, reached 
independently, are in such perfect agreement on 
this point that we venture to quote them. ‘A 
second row of tuyeres,’’ he says, ‘‘ is supposed! to 
effect the more complete combustion of the carbon 
by the addition of oxygen at a point where it can 
burn the OO. Theoretically this appears to be an 
excellent idea, but actually it usually fails to 
accomplish the result desired, 2.e., to materially 
decrease the propertion of CO, though it may pro- 
duce other desirable effects.’’ 

‘““Since CO is not formed directly at the tuyeres 
but only at some distance above or in front of 
them, it is evident that the second row of tuyeres 
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must be located a considerable distance above the 
lower ones in order to reach the CO. Now if this 
is done the result is to produce another zone of 
combustion and a practical duplication of the con- 
ditions at the lower tuyeres. Where the addition 
of a second row of tuyeres has proved advantage- 
ous the benefit can usually be traced to the enlarge- 
ment of the total tuyere area and the consequent 
greater volume of air admitted to the cupola.’ , 
J. E. Hurst (*) has also recorded his conclusion, 
drawn from actual test, that auxiliary tuyeres are 
not, in a properly designed cupola, of advantage. 
With regard to the amount.of air which may 
reasonably be injected, it would appear safe to 
believe that, from the point of view of fuel 
economy, that amount is needed which will, 
under the working conditions, just fail to show 
free oxygen in the escaping gases. So far as the 
authors can see, this should lead to the most per- 
fect combustion which can be produced under the 
conditions obtaining in any given cupola. 
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DISCUSSION. 


Mr. Horace J. Youne, F.1.C. (London), asked 
the authors how to sample the gases from the 
cupola so as to obtain figures sufficiently accurate 
to conform with the intricate calculations in 
the Paper. He suggested that the Paper was 
entirely theoretical, and, although it ended with 
a statement which had been made by many 
people before, namely, that there was no need for 
two rows of tuyeres. The paper, in his view, was 
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inconclusive, and he would be glad if the authors, 
when replying to the discussion, would state the 
conclusions to which they had come as: the result 
of their work. 

Mr. B. Hip considered that researches such as 
these into the gases given off by the cupola and 
their relation to the gases that were absorbed by 
the iron would bring a great deal of light and help 
to those who had to work cupolas and get results 
from them. During the last year he had carried 
out some experiments in connection with the 
gases contained in cast iron, wrought iron and 
steel, and they had left him very much fogged. 
He had been led to experiment because, when 
trying to cast a wrought-iron bar in a casting he 
had obtained serious blowholes. He had ‘carried 
_ the experiment further by casting chills in moulds 
and attaching a tube to them, in order to see if 
he could get any gases therefrom; he was 
astonished to find that he obtained gases from 
every chill he used, and there were big variations, 
although the chills were cast out of the same ladle. 
Therefore, he very much appreciated the authors’ 
attempts to deal with the matter. Gases formed 
in the cupola, in his view, were absorbed in the 
iron, and he asked the authors to carry on their 
work on the formation and absorption of gases. 


Mr. J. E. Fretcner said he could not exactly 
subscribe to the view expressed by Mr. Young, but 
considered that the work done by the authors 
would prove to be of value. One point to be 
remembered—although he did not think the 
authors had entirely lost sight of it—was the fact 
that the speed of the gases through the cupola 
had something to do with the equilibrium factor 
in the gas analysis. It was assumed in too many 
of these cases, he was afraid, in connection with 
both the blast furnace and the cupola, that theore- 
tical equilibrium was attained in the time in which 
the gases passed through either the blast furnace 
or the cupola, and that was where the difficulty 
arose in a purely scientific investigation, unless 
comparison was made with the actual facts of the 
case as recorded from properly-taken analyses at 
various points of the cupola. He had had con- 
siderable experience in trying to get these, and 
the results were not at all in accordance, in many 
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cases, with the expectations of the authors. With 
regard to limestone, the amount of heat taken off 
by the expulsion of the CO, from limestone, of 
course, was very considerable. One question 
which had been scarcely touched upon was that of 
the ash in the coke. It had been proved that a 
percentage of ash in coke had a much. greater 
effect on the thermal value of that coke than could 
be deduced: theoretically, and points of that sort 
made one extremely cautious in accepting conclu- 
sions of a purely theoretical character. He had 
tried to use a slacked lime through the tuyeres of 
the cupola instea@ of introducing it as limestone 
with the charge. Dr. Stead and himself had had 
a conversation on the point some years agv, 
and it had been tried both in Middles- 
brough and in the Midlands, but things did not 
happen as was expected. The attempt was made 
to introduce the lime as lime with the air blown 
into the blast furnace as well as the cupola, but 
slag was formed all round the eupola and 
next to the lining of the blast furnace, instead 
of the lime penetrating to the centre of the 
charge column. ‘Those experimenting with cupolas 
must bear in mind that they must get the air dis- 
tributed as perfectly as possible. Finally, he con- 
gratulated the authors upon their attempt to help 
practically by conclusions which at first sight were 
purely theoretical. 

Mr. E. Lonepen said that while theoretically the 
single row of tuyeres in a cupola was ideal, it was 
not so in practice. There was much more slagging 
up of tuyeres than with two rows. 


AUTHOR’S REPLY. 
- Mr. M. Ll. Becxer, replying to Mr. Young, said 
it was difficult to convey the whole of the contents 
of the Paper in the course of the short time allotted 
to him for introducing it, and it was also extremely 
difficult for others to discuss the Paper without 
having read it, but he would be pleased to reply 
to any further criticisms which might, be made in 
writing. With regard to the sampling of gases, 
he said it was pointed out -in the Paper that the 
conclusions arrived at were entirely theoretical, 
and the authors had not as yet taken samples of 
gases from cupolas, but hoped to do so. They con- 
sidered it advisable, however, to set down the lines 
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on which they proposed to make the experiments, 
and later, if time permitted, the experiments would 
be made and the results probably reported. It was 
a very difficult matter to sample gases from a 
cupola, but the method they had in view was to 
drop a pipe down the centre of the cupola and pus 
it in with the charge. So far as could be ascer- 
tained, the method of sampling gases at the edge— 
of the cupola was quite unsatisfactory, because the 
gases rising at the centre of the charge were of 
different composition from those at the edge of 
the charge, next to the lining. Also, the tem- 
perature varied very much as between the centre 
and the edges. The authors had not been able to 
go into the question raised by Mr. Hird, namely, 
of determining how far the gases affected the pro- 
perties of the iron cast, but had simply taken 
the cupola as a heat generator, with the idea of 
finding out how much heat was required to get 
the iron out at a certain temperature. Neverthe- 
less, the ratio of carbon monoxide to carbon 
dioxide in the melting zone must be of profound 
importance when considering the quality of the 
iron tapped from the cupola. If the ratio of car- 
bon monoxide to carbon dioxide was not very 
great, the immediate result would be the oxida- 
tion of the iron. He considered that if 
that went on to any great extent that the metal 
itself might contain oxide, either in solution or 
otherwise, and give’an unsuitable casting.  Deal- 
ing with Mr. Fletcher’s point as to the rate at 
which the gases passed through the charge, he said 
the authors wanted to know if anybody had prac- 
tical information on the subject; if anybody could 
give any direct evidence that they were wrong they 
would be only too pleased, because their object 
in giving the paper was to find out where they 
were. The effect of ash in the coke was not dealt 
with, but was simply taken as 124 per cent. The 
fusibility of the ash and the formation of slags, 
of course, must enter into the question, but, at 
the same time, the calorific value of coke of a 
given ash content, he believed, was more or less 
constant. ‘With regard to the introduction of lime 
at the tuyere zone, he had heard of others who 
had done that without. success, and that seemed 
to bear out the conclusion which the authors had 
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arrived at, namely, that the effect of the lime- 


stone was very slight indeed so far as the heat 
_ balance was concerned. The authors had not 
expressed an opinion in the paper as to whether 
a single or a double row of tuyeres was advisable, 
but they did wish to make the point that extra 
air introduced at a considerable distance up the 
cupola stack, in order to burn the carbon mon- 
oxide originating, in the stack, had not been found 
to be satisfactory. 


. 
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CAST IRON FOR ELECTRICAL MACHINES. 


By J. H. Partridge, B.Sc. (Hons.), 
(University of Birmingham). 

The paper is divided into five sections :—(1) In- 
troduction; (2) explanation of #erms; (3) indus- 
trial requirements; (4) experimental—(a) the 
effect of silicon; (b) the effect of manganese; (c) 
the effect of aluminium; (d) the effect of chro- 
mium; (e) non-magnetic alloys; (f) malleable cast 
iron; and (g) the relationship between the struc- 
ture of cast ironand its magnetic properties—and 
(5) summary and conclusions. 

In the experimental section, sub-sections (a) and 
_ (c), reference is made to a fifteen minutes’ anneal 
at 900 deg. C. before machining. This annealing 
appears to. be an erratic procedure, and is due 
to the author being influenced by the customary 
procedure in testing ferro-magnetic materials and 
also by the work of Dr. Nathusius, who annealed 
all his specimens for 24 hours at 900 deg. C. before 
testing. The author realises, of course, that cast 
iron, having certain desirable properties when in 
the cast state, is far more valuable and useful 
than cast iron having similar properties when in 
the annealed condition. 


Intreduction. 

Twenty years ago the frames and housings of 
electric motors and generators were constructed of 
cast iron. It was found that cast steel was mag- 
‘netically superior to cast iron; cast steel housings 
were readily-adopted by designers, and in a few 
years it had almost entirely replaced cast iron 
for electric machinery. . There was very little 
information on the magnetic properties of cast 
iron. Designers condemned tt without investi- 
gating its properties, without giving it a chance 
to defend itself. 

This investigation, carried out at the instiga- 
tion and under the direction of Professor TT. 
Turner, is not intended to be a treatise on this 
subject, but serves to show the effect of some of 
the common elements on the magnetic properties 
of cast iron and to show that this material has a 
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premiers future in the electrical industry. It 
‘definitely disproves the old idea that cast iron 
does not have any useful magnetic properties. 


Explanation of the Terms. 


As this subject is rather more physical than 
metallurgical, it is necessary to explain a few of 
the terms used in magnetism. The entire space 
round a magnet in any part of which it is possible 
to detect magnetic force due to the magnet is 
called the magnetic field of that magnet. The 
intensity of such a magnetic’ field at any~ par- 
ticular point is determined by the force exerted 
on a unit pole placed at that point. If the unit 
pole moves so that the direction it takes is, at 
every instant, the direction in which the magnetic 
force’ acts, the course it takes through space is 
called a line of magnetic force. In general these 
lines are curved, for the direction of the magnetic 
force varies, as the unit pole passes from, point 
to point through the field. The well-known curves 
in which iron. filings group themselves when scat- 
tered round a bar magnet represent approximately 
the forms taken by the lines of force. For a bar- 
magnet the lines of force start from the positive 
pole, bend round in curves, and converge on the 
negative pole. Now if the magnet is broken 
across, each piece becomes a magnet, and there 
are lines of force across the gap. Consequently, 
the lines of force must be regarded as being con- 
tinuous closed curves, part being in the metal 
itself and part being in the air. That part of 
the line of force in the metal is known as a line 
of magnetisation, or a maxwell. In a uniform field 
—that is to say, a field in which the magnetic 
force has the same direction and the same inten- 
sity at all points—the lines of force are straight, 
parallel and equally spaced, and the strength of 
the field is equal to the number of lines of force 
crossing one sq. cm. perpendicular to the direc- 
tion of the force, and is generally denoted by the 
letter H. If a piece of brass be placed in this 
field the field does not change; the same number 

‘of lines force pass through the brass as through 
an equal area of surrounding air. If, however, 
a piece of iron is placed in the field the latter is 
distorted and more lines of force pass through 
the iron than through an equal area of surround- 
ing air. In other words, the lines of force prefer 
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the path through the iron, which may be said to. 
pe a better magnetic inductor than the surround- 
ing air. The very fact that there are extra lines of 
force passing through the iron causes it to become 
a magnet, and indeed the strength of this magnet 
is proportional to the number of these extra lines 
of magnetisation which traverse it. The total 
number of lines of magnetisation traversing the 
iron, divided by its area, is)/known as the magnetre 
induction, generally denoted by B: 7.e., B is the 
magnetic induction per sq. cm. Since there are 
no extra lines of force induced in brass, 1% 
does not become magnetised; the number of lines 
of magnetisation per sq. em. within the brass 
specimen is always equal to the number of lines 
per sq. cm. in the field, ie., B = H. For iron, 
however, B is very much greater than H. This 
may be expressed by saying that iron is more per- 
meable with respect to lines of magnetisation than 
the surrounding air ‘The lines of magnetic in- 
duction may be visualised as crowding into the 
iron, finding an easier path through it than 
through the air. The quality by virtue of which 
the iron of the specimen conducts the lines of 
induction better than the air is called its mag- 
netic permeability, Thus the permeability of the 
iron is the ratio of the number of lines of induc- 
tion per sq. cm. in the specimen (i.e., B) to the 
number of lines of force per sq. cm. in the air 
surrounding the rod (i.e., H); thus the permea- 


bility = a and is generally denoted by ». Sup- 


pose a specimen of iron is subjected to a mag- 
netic force H, and that the magnetic induction 
produced by this force is B. If the force H is 
altered in any way the magnetic induction B will 
also change, and these changes may be represented 
graphically, as shown in Fig. 1. At first there 
is little increase in the magnetic induction, as 
represented by the line OA. Then there is a sharp 
and rapid increase in the induction, as shown by 
the curve AB, which becomes exceedingly steep; 
this is the region of maximum permeability shown 
by the peak on the dotted curve, for obviously 
if B becomes very large, whilst H only increases 


a small amount, the ratio Fi must become very 


large. Lastly, the curve rounds off until the rate 
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of ascent again becomes small and hence the 
permeability diminishes. 
Fig. 2 illustrates that if, when the point C is 


reached the magnetic force is diminished, the in- 


duction does not fall along the curve OBAO, but 
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takes the curve CD instead. Thus when the mag- 
netic force has been reduced to zero, magnetism 
equal to OD remains in the specimen, and is hence 
called the residual or remanent magnetism. If 


the magnetising force is now reversed a negative - 


force equal to OE is required to reduce the 
remanent magnetism to zero. Hence OF is a 
measure of the degree of stability with which the 
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remanent magnetism is held and is known as the 
coercive force. The greater the coercive force 
the more strongly is the rezaanent magnetism held, 
and vice versa. On decreasing the force still 
further, the curve EF is obtained, and if this 
force is again reduced to zcro the induction 
follows the curve FG. The remanent magnetism 
OG is equal to the remanence OD, the magnetism 
simply being in the opposite direction. If now 
the force is increased to the original positive 
maximum, the curve GHC is obtained. 


4 Maa s 
ae 


Fig. 2. 


Thus it will be seen that on decreasing the mag- 
netic force from-a positive value to an equal 
negative value, and then again increasing it to 
the original positive value, the induction follows 
the curve CDEFGHC, and an amount of energy 
proportional to the area of this curve, or the so- 
called ‘‘ Hysteresis loop,” is dissipated during 
the process. This energy takes the form of heat, 
and, consequently, the specimen becomes warm 
when the magnetism is successively reversed or 
varied in any way. The cores of transformers 
and dynamo armatures are familiar instances of 

oint. 

This heating, which occurs as a consequence of 
hysteresis, has, of course, nothing to do with the. 
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additional heating which Foucault or eddy cur- 
rents may cause when quick changes of magnetism 
take place. Now the area of the loop gives the 
energy dissipated in ergs per cubic centimetre _ 
of the specimen per cycle of magnetisation.' Now, 
ergs per cc. per cycle is rather an inconvenient 
unit, so that the hysteresis loss has been ex- 
pressed in watts per lb., assuming the specimen 
to be subjected to 100 cyclic changes per second. 
This magnetic hysteresis of iron is very important, 
as two illustrations will show:—Take the case of 
a large dynamo with an armature of soft iron 
weighing 1 ton with a hysteresis loss of, say, 
10,000 ergs. per cc. per cycle. If this armature 
rotates at such a speed that the iron undergoes 
100 cyclic changes of magnetisation per second, 
then 17.7 h.p. is required to overcome the magnetic 
hysteresis of the iron. Nearly 4,000 cyclic changes 
of magnetisation would produce a rise in tem- 
perature of 1 ceg. C. Suppose that the dynamo 
is a 4-pole machine rotating at 1,000 r.p.m., there 
are 2,000 cyclic changes per minute—hence the 
temperature of that armature would rise 4 deg. 
C. per minute, assuming that there, is no radia- 
tion or conduction. 


Industria] Requirements. 

The magnetic properties of any material must 
suit its industrial requirements. Thus the arma- 
tures of D.C. and the stators of A.C. motors and 
generators must not only possess high permeability 
but must also have the lowest possible hysteresis 
loss, since these parts are subjected to an alter- 
nating magnetic field. The frames of such D.C. 
machines and the rotors of A.C. generators must 
have the greatest possible magnetic permeability, 
the hysteresis loss being immaterial, since such 
parts are not subjected to an alternating magnetic 
field. 

The required permeability is especially high in 
the pole pieces of D.C. machines in order to reduce 
as far as possible the weight of copper required in 
the field coils. The pole pieces are sometimes 
made of wrought iron forgings cast into the C.I. 
magnet frame and fitted with pole shoes of lami- 
nated wrought iron, as shown in Fig. 3. 

Sometimes the pole piece and shoe are built up 
in one piece from wrought-iron laminations and 
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bolted to the cast-iron magnet frame. This form 
gives a pole of rectangular section, whereas the 
wrought-iron pole piece is almost always of cir- 
‘cular section. : 

Cast iron is never used for poie pieces owing 
to its low permeability, but occasionally pole 
pieces and magnet frame are cast together in cast 
steel and fitted with shoes. 

For permanent magnets, however, not only is 
the greatest remanent magnetism required. but 
‘the coercive force must also be as large as possible 
Soft iron, for example, retains 92 per cent. of its 
magnetism after the magnetising force has been 
withdrawn, But since the coercive force of soft 
iron is only about 2 ¢.g.s. units, this residual mag-. 
netism is held so feebly that even the lightest 
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touch of the fingers suffices to destroy most of it. 
Consequently, soft iron would not be suitable for a 
permanent magnet. The best magnets have a 
coercive force of about 150 c.g.s. units, but such 
high coercive force 1s only obtained by sacrificing 
the remanent magnetism to a certain extent, and 
an approximation of the value of a material for 
magnets is obtained from the product of the 
coercive foree and the remanent magnetism. Such 
a product should be in the neighbourhood of 
1,000,000, 

For bed plates, end plates for generators and 
motors, cable bones, shields for motor, etc., a non- 
magnetic material is desirable in order to 
minimise the losses due to stray flux. 

Cast iron, occasionally qualified by the adjectives 
‘‘ soft’ and ‘ hard,’’? is sometimes mentioned in 
tables of magnetic properties, and from such tables 
one is led to suppose that it is useless, when viewed 
from the standpoint of its magnetic properties. 


} 
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It has always been stated that cast iron possesses 
low induction and low permeability and high 
hysteresis loss. _ Values such as 8,000 for the 
maximum induction at a field strength of 
150 c.g.s., 250 c.g.s. for the maximum permeability, 
12 c.g.s. for the coercive force, and 35,000 to 
40,000 ergs for the hysteresis loss are quoted. 
However, cast iron offers great possibilities as 
regards its magnetic proverties. Examples 
are given in this Paper of cast iron with 
twice this induction, from four to ten times the 
permeability, and nearly one-tenth the hysteresis 
loss. 


Experimental. 


American washed iron of the following analysis 
was used for the present investigation. 


First supply. Second supply. 
Per cent, Per cent. 

Total carbon ae 3.16 3.84 
Graphite carbon .. nil nil 
Manganese .. ens Trace _ Trace 
Silicon avs “er 0.046 0.03 
Sulphur... a 0.016 0.02 
Phosphorus zw . Trace | Trace 


The iron was melted in a 30-lb. salamander 
crucible, elements were added either in the 
metallic form or as ferro-alloys, and bars 12 in. 
by 1 in. diameter were cast in sand-moulds. The 
bars were machined down to 1.128 centimetre dia- 
meter. The primary magnetisation curves were 
determined by using an Iliovici permeameter, and 
the hysteresis loops by the bar-and-yoke method. 


The Effect of Silicon. 


In order to determine the effect of silicon on 
the magnetic properties of cast iron, bars con- 
taining various percentages of this element were 
east. The analysis of these bars is given in 
Table TI. 

It will be noticed that the silicon increases from 
0.6 to 4.0 per cent, With the exception of those 
bars marked,* all bars were tested in the cast 
state, without even being annealed to remove 
machining strains. The bars marked* in this and 
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Taste I.—Composition of Alloys of the Silicon Series. 


Specimen| T.C. Si. Mn. 
1 2.77 1.88 0.89 0.6 0.015 
2 2.79 2.14 0.65 0.807 | Trace 
mae 3.11 0).24 2.87 1.43 0.024 
*4 2.95 0.35 2.6 LEO 0.025 

*5 2.74 0.46 2.28 2.26 0.02 
*6 2.675 0.28 2.42 2.46 Trace 

8 2.70 1.46 1.24 2.41 0.04 
9 2.58 Pak 1.48 2.745 | 0.035 
1.35. | 1.19 4.165 | 0.035 


10 2.54 


subsequent tables were annealed at 900 deg. C. for 
fifteen minutes, and were then turned down to 
size. Specimen 7 was accidentally broken and was 
not available for testing magnetically. The mag- 
netisation and permeability curves for all the 
specimens are given in Fig. 4, and the magnetic 
properties are shown in Table II. 


Taste Il.—Magnetic Properties of the Silicon Series 


of Alloys. 
Bmax, | H max. 
(Max. | (Max. | max. Reman- 
Speci mag- mag- (Max. | H for ent 
pepe netic netic per- | max. mag- 
induc- field mea- netism. 


tion.) |strength)| bility.) 


1. 9,977 99.58 264.0 15.1 5025 
2 9,678 99.78 |. 237.0 16.2 4733 
*3 11,480 98.9 | 481.5 8.0 5124 
#4. 11,644 | 100.13 497.0 8.0 5523 
*5 11,747 | 100.53 549.0 6.9 4578 
*6 11,900 | 100.3 737.0 7.8 4724. 
8 11,090 | 101.43 271.6 16.0 4667 
9 10,833 | 101.43 253.0 16.0 4431 
10 10,540 98.36 254.0 14.0 4060 


The most prominent feature is the magnetic 
superiority of the annealed specimens compared 
with the unannealed ones. The effect of anneal- 
ing may be seen by comparing specimens 6 and 8 
which have almost identical silicon contents. 
Specimen 6 has been heat treated before turning, 
but specimen 8 is in the cast condition. The 
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maximum induction of the former is 11,900 c.g.s. 
whilst that of the latter is 11,090 c.g.s. 

The dotted curves in Fig. 4 represent the change 
of permeability with respect to the field, and it 
will ‘be noticed that the maximum permeability 
increases with increasing silicon content, and that 
the maximum permeability of the annealed speci- 
mens is more than twice that of the unannealed 
ones. The low induction of specimen 2 is due to 
the high percentage of combined carbon. The 
magnetic properties of the cast specimens appear 


TasLEe IIl.—Primary Magnetic Results on the Silicon 


Series. 

Specimen. Bmax. H max. 
LPS ae a 10,170 99.45 
QI AS e, 9,810 100.0 

By taal Ss % 11,060 98.35 
PAU ty A 11,320 101.4: 
TDI St. se ae 11,480 SOF 
i Ge has AY a 11,430 99.2 
Sitaras ae ot 11,690 100.5 
ale EA a7 2 11,570 103.8 
LOS ae be or 11,960 99.8 


to deteriorate with the higher the content of 
silicon, Thus, specimen 10 is not as _ good 
magnetically as specimen 9, which in its turn is 
not as good as specimen 8. These specimens were 
not prepared in one heat and they are rather an 
imperfect series of alloys. Moreover, the casting 
conditions may have a considerable influence on 
the magnetic properties of the material. As the 
author was chiefly concerned at this time with 
obtaining high permeability and low hysteresis 
loss, and since it is evident that annealing raises 
the induction and permeability of cast iron, all 
the specimens were embedded in their own turn- 
ings in a sealed iron box. They were then heated 
to 875 deg. C. and allowed to cool at the slow rate 
of 30 deg. C. per hour to 675 deg. C., from which 
point they were allowed to cool with the muffle. 
In this way most of the carbon was precipitated 
as finely divided graphite, the strains due to 
turning were removed, whilst oxidation was pre- 
vented by annealing the specimens in their own 
turnings. Primary magnetisation curves and 
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hysteresis loops were taken, the results being 
shown in Tables JIL and IV. The maximum 
induction increases with increasing — silicon 
content. 
With the exception of specimen 9, the addition 
of silicon reduces both the hysteresis loss and the 
coercive force. Moreover, with high silicon con- 


Taser LV.—Other Magnetic Properties of the Silicon Serves. 


Maile a NOSSO SRO a a Se 


Hysteresis loss Watts ees 
Speci- | Coercive | in ergs/cc. per per Ib. of | Density. 


men. force. |cycle,for B= | *» 
16,000. meee: 

2 127 34,080 20.997 7.363 
x3 9.8 27,680 16.750 7.231 
¥*4. 8.5 26,120 16.440 7.213 
5 7.0 23,860 14.898 7.180 
*6 6.5 18,850 12.049 7.164 

9 7.6 20,120 12.748 7.163 
10 3.5 8,700 5.634 7.038 


TasLE V.—Composition of High Silicon Series. 


Specimen| Si. LG; CC G0. 71.) Mn. 
11 2.54 3.06 1.35 1.71 0.02 
12 2.87 2.97 1.25 i 72 0.03 
13 3.41 2.97 1.17 1.80 0.032 
14 4.76 2:76 | 0.88 1.88 0.053 
15 6.04 2.61 0.09 2.52 0.085 
16 7.38 2.4 0.1 2.3 0,095 


tent, as in specimen 10, the hysteresis loss is 
exceptionally low, being nearly as low as that of 
wrought iron. The last column in the table gives 
the energy dissipated per Ib. of iron, assuming 
the specimen to be subjected to 100 magnetic 
cycles per second at a flux density of 10,000 
maxwells per sq. cm. i 

Alloys containing up to about 8 per cent, of 
silicon were then prepared in one heat and these 
were tested in the cast state, after turning to a 
diameter of about 1.170 centimetre and then 
erinding to a diameter of 1.128 centimetre. The 
analysis of these specimens is given in Table V. 

Primary magnetisation and permeability curves 
were taken by using the permeameter and are 
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shown in Fig. 5. A summary of the magnetic 
properties is given in Table VI. 

Thus silicon decreases the magnetic_ induction 
and the remanence, and, when present in amounts 
not exceeding 5 per cent., it also decreases the 
maximum permeability of cast iron in the cast 
state. On referring to Fig. 5, it will be noticed 


TasLe VI.—Vhe Magnetic Properties of Second Silicon 


Series. 
peck fea oe Pr aiae uw |Hforw| Reman-- 
men. ‘ fs max. | max. ence, 
i 10,190 99.75 230 16.4 4300 
12 10,100 | 100.13 218 16.4 4290 
13 9,845 | 100.2 213 Is 3800 
14 9,455 | 100.13 193 20.48 2900 
15 9,200 99.71 1,021 PPA) 2900 
16 8,935 97.3 383 5.88 1650 


Taste VIL.—Aysteresis Loss on Second Silicon Series. 


ee ae Limits | Goercive Hysteresis Watts en 

ay of in- q loss ergs/c.c. loss rm 

MeN ihetion.|) To" per cycle. per lb. rae 
11 {10,000 | 12.7 32,435 9.984 7,225 
12 |10,000 | 13.1 32,900 20.19 7.238 
13 |10,000°| 12.0 28,700 18.02 7.221 
14 | 10,000 9.8 22,840 14.50 7.143 
15 | 8,000 2.2 4,075 2.652 6.951 
16 | 4,500 7 2,390 1.551 6.949 


that specimens 15 and 16 are much more 
magnetic than the other specimens in compara- 
tively weak fields. This property is reflected in 
the permeability curves, the permeability of 
specimen 15 being 1,021 c.g.s. at a force of only 
2.25 ¢,g.8. 

This is a property common to alloys possessing 
very low hysteresis loss, namely, they are very 
permeable in weak fields, but they are not any 
more permeable than ordinary alloys in strong 
fields. 

Hysteresis loops were next determined, and the 
magnetic properties are given in Table VII. 
Owing to the magnetic hardness of some of the 
specimens, the hysteresis loops could not be 
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determined between the limits of B=10,000 max- 
wells. The limits of induction between which the 
loops were determined are given in the first 
column of Table VII. However, it must not be 
supposed that the hysteresis loss is directly pro- 
portional to the limits of induction between 
which the loop is determined; since the loop 
becomes very narrow at its extremities. 


TaBLE VIII.—Composition of the Manganese Series. 


Specimen| Mn. Si. T.C. €.C. G.C. 
MIL ..| 0.235 1.724 2.64 1.35 1,29 
M2. ..| 0.63 1.736 2.82 1.38 1.44 
M3. ..| 1.07 V2 7, 2.69 1.49 1.2 
M4 °..| 1.49 1.705 2.73 1.41 1732 
M5 ..| 2.66 1.466 2.65 2.65 nil 


Taste IX.—Magnetic Properties of Manganese Series. 


| 


i H for Reman- 
Specimen| B max, | H max. | %, max. eee Price 
ML 10,900 | 100.13 | 264 15 4950 
M2 11,225 99.96 | 260 17.2 4960 
M3 11,016 99,59 | 241.2 20.2 5420 
M4 10,240 93.9 234 16.6 5090 
M5 8,420 | 100.0 160 30 4600 


Thus, with the exception of specimen us 
‘silicon reduces the coercive force and _ the 
hysteresis loss. The hysteresis loss of specimen 15 
is exceptionally low, and it is remarkable since it 
oceurs*in an alloy which is in the cast state. 


The Effect of Manganese. 


In order to investigate the effect of manganese 
yn the magnetic properties of cast iron, the 
manganese was varied whilst the silicon was kept 
constant. The silicon was added to give sound- 
ness and to make the specimens soft and 
machinable. 

The chemical composition of the specimens is 
given in Table VIII. 

The magnetisation and permeability curves are 
given in Fig. 5, and the magnetic properties in 
Table IX. 
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It is seen from the curves that manganese is 
‘prejudicial to good magnetic properties and should 
be as low as possible when high induction and 
high permeability are required. The decrease in 
the induction with increasing manganese content 


is shown in Fig. 7. The specimens were then 
B. 
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annealed in a similar manner to the previous 
specimens, namely, they were surrounded by their 
own turnings in a closed iron box, heated to 
875 deg. C. and allowed to cool very slowly. The 
magnetic properties of the annealed specimens 
are given in Table X, from which it is seen that 
annealing slightly raises the induction, the slight 


increase being probably due to removal of strain. 
H2 
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Manganese increases the hysteresis loss and the — 
coercive force, but decreases the magnetic induc- 
tion and remanent magnetism. Thus manganese — 
should be kept as low as. possible, when cast iron 
having high permeability, high maximum induc- 
tion and low hysteresis loss is required. 


Influence of Aluminium. 


Aluminium was added to American washed iron 
to ascertain its effect on the magnetic properties 
of cast iron. Aluminium behaves like silicon in 


TABLE X1.—Composition of the Aluminium Series. 


pects oe Neg Uh SE Geer COO Gale 
men, , “ 


Al 0.31 trace | 0.047 3.09 3.06 0.0 


AQ 0.62 “h 0.047 3.05 2.96 0.03 
A3 1.03 5 0.046 2.84 1.34 Teas 
A5 1.23 Ms 0.045 2.56 1.91 0.650 
AB 3.00 ih 0.046 2.60 Tale) SLs 
TasLE XII.—Magnetic Properties of the Alwminiwm 
Series. 
Speci- | H for Remanent 
men, | Bmax. | H max. | ~ max. Aik magnetism, 
Al | 10,530 | 100.13 | 319 13.2 5900 
A2 | 10,510 99.15 | 289 15.0 5660 
A3 9,980 99.59 | 245 18.0 4940 
A5 8,780 99.25 | 125.5 42.75 3970 
A6 7,950 | 101.03 | 105.2 38.5 4170 


that it renders the iron sound and precipitates 
graphite. Thus silicon is not necessary. The 
analyses of the first series of specimens is given 
in Table XI. 

Specimens Al, A2 and A38 were annealed at 
900 deg. C. for fifteen minutes before machining. 
The magnetisation and permeability curves are 
given in Fig. 8, and a summary of the magnetic 
properties is given in Table XII. 

Thus there is a steady decrease in the maximum 
induction and remanent magnetism as the 
aluminium content is increased. The effect of 
annealing is very pronounced, the curves for 
specimens A5 and A6 being very much lower than 
those of the annealed specimens, 
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Before taking hysteresis loops, the specimens 
were annealed in their own turnings at 875 deg. 
C. and allowed to cool very slowly. Primary 
magnetisation curves and hysteresis loops were 
then determined. A summary of magnetic pro- 
perties is given in Table XIII. 

“There is an increase in the maximum induction, 
maximum permeability and remanence of speci- 
mens Al, A2 and A8 on annealing. This is due 
to further graphisation of these alloys. Up to 


Taste XIII.—Magnetic Properties of Heat-Treated 
Aluminium Series. 


Specimen. Bmax.}| H max. |Remanence.|\u max. 
Al 10,700 102.7 6210 360 

A2 10,540 - 101.1 5990 321 

- A3 10,370 100.13 5760 312 
' Ad 13,470 99.4 4800 1045 
A6 12,850 100.7 4600 1030 


TaBLE XIV.—Graphite Content and Magnetic Properties 
of two Aluminium Alloys before and after Heat-Treat- 


ment. 
Cast condition. | Annealed. 
Speci-| w | Hfor uw | Hfor 
men. | max. w |Graphite. | max. uw | Graphite. 
max. max. 


Ad 125.5 | 42.75 0.65 1045 2.5 2.1 
A6 105.2 | 38.5 1.18 1030 3.0 2.45 


1 per cent. aluminium causes a slight decrease in 
the induction, but the most noticeable feature is 
the extremely high induction of specimens Ad and 
A6. In the cast condition the inductions of these 
specimens were 8,776 and 7,950 c.g.s. respectively, 
whereas in the annealed condition they are 
13,470 and 12,850 ¢.g.s. respectively. Moreover, 
the permeability of these specimens has been 
increased tenfold by annealing, as shown in 
Table XIV, which also gives the graphite analysis 
of the specimens before and after annealing. 
The magnetisation and permeability curves for 
specimens A5 and A6 in the annealed condition 
are shown in Fig. 8. The extremely high induc- 
tion of these specimens is largely due to the small 
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amount of combined carbon, and to the distribu- 
tion of the graphite. Table XV gives a summary 
of the properties of these specimens. 

Aluminium, up to 1 per cent., apparently 
increases both the coercive force and the 
hysteresis loss, but further addition causes a con- 
siderable decrease. The coercive force and 
hysteresis loss of specimens A5 and A6 are very 


TaBLeE XV.—Hysteresis Losses of the Aluminium Series. 


Hysteresis loss | Loss in 
Speci-| Coercive | in ergs/c.c. per | Watts per 


men. | force. | cycle for B = Ib. of Density. 
10,000 metal. 
Al 2:9 28,000 16.778. 7.572 
A2 13.0 36,210 21.590 7.611 
A3 12.4 36,100 22.090 7.375 
Ab 3.4 9,000 5,908 6.908 
A6 2.7 7,100 4.716 6.809 
TaBLE XVI.—Composition of Second Series of Aluminium 
Alloys. 
Speci- i 
men. | Al. T.C. CO. | iG..C. Si. Mn. 
AT 0.865 | 3.61 1.35 | 2.26 | 0.03 | Trace 
A9 1.52 3.63 1.48 |-2.15 | 0.03 o 
AlO | 2.23 3.52 1,63 D892 10.62 ¥ 
All | 2.50 3.64 1.34° | 2.30 | 0.023 S 
Al2 } 2.83 3.50 1.59 eo 0.025 3 
A13 | 3.60 3.61 1.36 | 2.25 | 0.018 +5 
Al4 | 4.09 3.42 1.57 1.85 } 0.02 7 


little greater than those of soft iron. Alloys con- 
taining from 1 to 4 per cent. of aluminium were 
then prepared and tested in the cast condition. 
The analysis of these specimens is given in 
Table XVI. 

The primary magnetisation and permeability 
curves are given in Fig. 9, and a summary of the 
magnetic properties is given in Table XVII. 


Thus aluminium decreases the maximum induc. 
tion, the maximum permeability, and the remanent 
magnetism. The magnetic properties obtained 
from _ the hysteresis loops are given in 
Table XVIII. 
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, 
Except in the case of specimen A7, aluminium 
increased the coercive force. The hysteresis loss 
first decreases and then increases. 


SPECIMEN A7- 


‘AQ. 
9,000 Al0. 
All. 
& ,000 2. 
Al3. 
7,000 “ 
A14. 
6,000 
\ i 
5 ,000 
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Effect of Chromium. 


Tn addition to the chromium, silicon had to be 
added to the washed iron in order to make the 
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specimens sound and machinable. A great deal 
of difficulty was experienced in making these 
specimens, they had to be prepared in two heats, | 


Taste XVIL—WMagnetic Properties of the Second Series 
of Aluminium Alloys. 


‘ Speci- j H for 
Pp Bmax. | H max. es es Remanence,, 
men. max. max. 


AT 9450 98.35 196 19.88 3850 
AQ 9155 100.13 199 16.20 3850 
Al0 8750 98.35 165 20.56 3580 
All 8440 104.80 158 18.12 3500 


Al2 8140 93,70 134 26.0 3040 
Al3 7260 98.31 109 32.36 3410 
_Al4 6660 98.33 87 41.30 3210 


Taste XVIII.—Hysteresis Losses of Second Series of 
Aluminium Alloys. 


Limits of 
induction 
Speci-| between 
men. | which the 


Loss in 
Coer- | Hysteresis | Watts 
cive | loss in ergs/ per |Density. 
force, | c.c./ cycle. | Ib. of : 


loop was 

determined metal. 
AT 9600 13.4 31,750 20/213)" 7,123 
AY 9100 Pay 305950 20.083 | 6.851 


AlO 8800 14.4 30,810 19.453 | 7,184 
All 8500 14.8 31,880 20.448 | 7.075 
Al2 8100 18.4 39,790 25.460 | 7.090 
Al13 | Could nojt be fit|ted into the |yoke. 6.753 
Al4 6700 24.6 41,540 28.433 | 6.627 


Taste XIX.—Composition of Chromium Series. 


Speci- : : 
aoa Si. Cr. Matyi 2G. C.C. G.C. 
CT) 2.632) | 9,068 1030.02) | 212,59 1.21 1.38 
C2 | 3.627 1.06 | Trace} 2.42] 0.94 1.48 
C3 | 3.116 1.79 | 0.015} 2.45 1.06 1.39 
OG ibaligzal 7.51 0.01 2.10 2.10 nil 


and they contained amounts of silicon varying 
from 1.7 per cent. to 3.6 per cent. The analysis 
of the specimens is given in Table XIX, and the 
magnetisation and permeability curves are shown 


in Fig. 10. 
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A summary of the chief magnetic properties is 
given in Table XX, from which it is seen that 
chromium is prejudicial to good magnetic 
properties. 

It is difficult to draw accurate conclusions from 
specimens. Cl, C2, and C3, owing to the varying 
amounts of silicon. The induction of specimen C2 
is high owing to the large percentage of silicon, 


TABLE X.X.—Magnetic Properties of the Chromium Series. 


Speci-| p max.| H max. umax. Hfor wu | Remanent 

men. max. | magnetism. 
Cl 9,925 97.43 | 231 15.1 4460 
C2 | 10,970 96.58 | 330 13.1 5150 
C3 9,920 99.07 |) 229.7 17.4 4160 
C6 6,120 99.6 80 45 3310 | 


TaBLE X.X1.—Hysteresis Losses of the Chromium Series. 


Hysteresis 
Rem- Clo loss in ergs/ | Hysteresis 
Speci-|.anent | (1, “| cc. per jlossin Watts Density: 
men. | Mag- {Fo Kc¢ cycle for B| per lb. of 
netism. 7 == 10,000: metal. 
Cl 5550 | 11.8 31,130 19.802 7.271 
C2 | 5290 | 10.0 29,000 18.72 7.082 
C3 | 4960 8.7 | 21,000 14.988 7.270 
C6. | 3350 | 33.0 45,350 27.642 7.537 


whilst the induction of specimen C8 is not very 
much less than that of specimen Cl, because the 
former contains 0.5 per cent. more silicon than the 
latter. The addition of chromium decreases the 
maximum permeability of the remanent mag- 
netism, and increases the force at which this 
maximum permeability occurs. 

In the hysteresis tests, chromium appears to in- 
crease’ the coercive force and hysteresis loss, as 
shown in Table XXI. 


Non-Magnetic Alloys. 

Several bars containing various percentages of 
nickel were cast in order to determine the effect of 
this element on the magnetic properties of cast 
iron. However, only one of these bars could be 


Fre. 16. 
Specimen N3 


Hie;—12: 
SpPrciMen F, 
Ercuep x 100. 


Hig, TH: 
Specimen N38, 
Ercuep x 100. 


(ANNEALED), 
Ercuep x 100. 
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machined. It is well known that nickel lowers the 
thermal transformation points of steel. Conse- 
quently a series of alloys containing progressively 
increasing amounts of nickel will. be martensitic 


B. 
3,000 
After 
annealing. 
2,000 
1,000 
Before annealing. 
SPECIMEN F. 
B. 
3,000 
2,000 
1,000. 
over a considerable range of composition. The 


bars in this martensitic range cannot be turned 
in a lathe. The bar which was machined consists 
mainly of austenite. The analysis (Specimen N3) 
is as follows :— 


men. 
N31 19.35] 1.30 | 0.025] 2.56] 1.16] 14 | — 
F |10.00| 2.57 | 2.04 | 2.20 | 0.59 | 1.61 | 1.96 
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Specimen F was made after seeing a short 
paragraph in the technical Press on ‘“ No-Mag,’’ 
which is a patented non-magnetic cast iron made 
by Messrs. Ferranti. ‘The paragraph stated that 
“No-mag ’’ consisted of 80 per cent. of cast iron, 
the additions being nickel and manganese, and 
that it was cast into very thin sections. ‘The 
micro-structure of Specimen N8 is shown in Fig. 11, 
from which it will be noticed that the ground mass 
is austenite, and that there is a small amount of 


carbide present. Thus nickel causes the iron to 
remain in the austenitic condition and conse- 
quently the iron is non-magnetic. The micro- 
structure of Specimen F, shown in Fig. 12, con- 
sists of austenite containing a little martensite, 
an inter-granular constituent consisting of a mix- 
ture of cementite and phosphide eutectic, and 
graphite. The presence of this martensite made 
the iron extremely hard and difficult to machine. 

The magnetic properties of ‘“N3” and ‘' F”’ 
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are shown in Figs. 18 and 14 respectively, from 
which it will be seen that the specimens are feebly 


magnetic, Table XXII gives the chief magnetic 
properties of the specimens. It should be noted 


Taste XXIL.—Magnetic Properties of Two Nickel Alloys 
of Cast Iron. 


NN 


B H U H for | Remanent 


Specimen % i 

max. | max. | max. |max.| magnetism. 
N3 (as cast) 419 | 99.15) 4.6 60 6 
Fi 56 377 | 99.61} 3.8 60 nil 
N3) annealed ¢| 3140 | 103.2 | 35.0 57 1330 
F pat 875°C. U 3280 | 105.5-| 33.7 46 1630 


that the permeability scale in Figs. 13 and 14 is 
ten times the scale used in previous figures. 


TapLe XXIII.—Magnetic Properties of Black Heart 
Malleable Iron. 


Nee a aEEEEEAnT HEEEDTLSEEEEE TUNG 


Bmax. He ELL 

Specimen. (H = 100) WL max, max. 
M.J. 15,150 2,140 3.0 

M.K. 14,950 1,490 |: 3.24. 


These specimens become magnetic on annealing, 
due to the austenitic breaking up and producing 


Taste XXIV.—Hysteresis Losses of Malleable Iron. 
te 
Limits of 
induction Hysteresis | Hysteresis 
Speci-| between | Coer- |lossinergs| loss in 
men. | which loss| cive | per c.c. | Watts per |Density 


was deter- | force. | per cycle. |, Ib. 

mined. 
MJ. | 10,500 | 2.17 | 6,799 45235. 1)" 7.281 
M.K. 10,000 | 2.36 | 7,010 4.380 7.259 


martensite. The structure of Specimen N3, after 
annealing is shown in Fig. 15, 


Malleable Cast Iron. 


Two specimens of black heart malleable cast 
iron, kindly supplied by Messrs, Leys Malleable 
Castings Company, Limited, of Derby, were tested, 
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The analysis is given in the table below; whilst 
the primary magnetisation and permeability curves 
are shown in Fig. 16. 


\ 


Fie, 17.—Sprctmen 5, Etcuep x 100. 


Speci- 
men aj) Ls C5) GCP C3! Si. |. Mn. 8. Ps 


M.J. 2.24 | 2.16 | 0.08 | 0.89 | 0.29 |0.036 |0.123 
M.K. | 2.29 | 2.24 | 0.05 | 0.97 | 0.30 |0:036 |0.123 


A summary of the magnetic properties obtained 
from these curves is given in Table XXIII. 

Hysteresis losses were determined, the results of 
the tests being given in Table XXIV. : 
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Thus black heart malleable cast iron has a very 
high induction and permeability combined with 
low hysteresis-loss, and low coercive force. 


ti 


Fie. 18.—Sprecimen 6, Etcuep x 100. 


The Relationship Between the Structure of Cast Iron 
and its Magnetic Properties. 

The magnetic properties of cast iron depend to 

a very great extent upon its structure. Considera- 

tion of both structure and chemical composition 

is necessary if results are.to be interpreted cor- 

rectly, otherwise magnetism would appear to be 
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a very capricious property. A few photo-micro- 
graphs are given to illustrate the principles under- 
lying the relationship between structure ‘and 
magnetism. 

Figs. 17, 18 and 19 show the micro-structures 
of Specimens 5, 6 and 10. Specimen 10 is in the 
cast state, and has a pearlitic ground mass, while 
Specimens 5 and 6 have been annealed, and con- 
sist mainly of ferrite. The micro-structures of 
Specimens M3, M5, A5.and C6 are illustrated by 
Figs, 20, 21, 22 and 23 respectively. All these 
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Fig. 19.—Sprcrmen 10, Unercusp x 100. 


specimens have a pearlitic ground mass, and free 
cementite is also noticed. 

Thus for the highest magnetic-induction and per- 
meability a ferrite ground mass is essential. The 
amount of pearlite should be as low as possible. 
The presence of free cementite is a sure indication 
of low magnetic induction, and should be avoided 
at all costs when high permeability is required. 
The presence of free carbide also indicates high 
coercive force, high hysteresis loss, and low, 
remanent magnetism. 

The structural change in Specimens A5 and A6 
on annealing is illustrated by Figs. 24 and 25. 
(Compare Figs. 22 and. 24). The carbide has de- 
composed, leaving the graphite as small nodules in 


211 


a ground mass of alumino-ferrite. The permea- 
bility of these specimens was increased tenfold by 
this change, the induction was doubled, and the 
hysteresis loss was decreased to less than 10,000 
ergs. The hysteresis loss of these specimens in the 
east condition would probably have been well over 
30,000 ergs. The thigh induction, high per- 
meability and low hysteresis loss of these specimens 


Fra, 20.—Spncrmen MB, Ercuen x 100. 


is due to the large amount of ferrite and the 
presence of all the carbon in the nodular form as 
temper carbon. The micro-structure of Specimen 
M.J. is shown in Fig. 26, from which it is seen 
that this specimen consists of ferrite grains and 
temper carbon. The structure readily explains the 
high induction, high permeability and the low 
hysteresis loss of this specimen. 


Summary and Conclusions. 
1H The highest magnetic induction and perme- 
ability are obtained with cast iron which has 
been annealed. In the extreme case the magnetic 
induction was increased 70 per cent. and the 
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maximum permeability was increased tenfold on 
annealing. be 

2. When high permeability is required, the 
graphite should be in the form of temper carbon, 
as little combined carbon as possible should be 
present, and free cementite must be absent. 

3. In the cast state, silicon decreases the’ mag- 


Fig. 21.—Spectmen M5, Ercurp x 100. 


netic induction, but its presence may be advan- 
tageous in alloys which have to work at low flux 
densities (e.g., transformer cores). Specimen 15 
is an example of an alloy which is very magnetic 
in comparatively weak fields, having a perme- 
ability of over 1,000 c.g.s. at a field strength of 
2.0 gauss. 

4. Both in the cast and annealed conditions 
silicon reduces the coercive force and the hysteresis: 
loss. In the case of Specimens 10 and 15, the 
hysteresis losses are remarkably low, being equal to 
that of very soft iron. In the ease of Specimen 15, 
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the low hysteresis loss is remarkable, since it 
occurs in a cast alloy. 

5. Both in the cast and annealed conditions 
manganese, nickel and chromium are prejudicial 
to high magnetic induction. , 

6. In the annealed condition manganese and 


Fie. 22.—Specrmen A5, Ercurp x 100. 


chromium increase the coercive. force and, 
hysteresis loss and decrease the remanent 
magnetism. 

7. In the cast state aluminium decreases the 
magnetic induction, permeability and remanent 
magnetism, and increases the coercive force and 
‘the hysteresis loss. 

8. In the annealed condition aluminium, in 
amounts up to 1 per cent., decreases the magnetic 
induction and the maximum permeability, bub in- 
creases the coercive force and hysteresis loss. 
When present in amounts from 1 to 3 per cent., 
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however, aluminium causes a huge increase in the 
induction and permeability, Specimens A5 and A6 
having inductions of over 13,000 c.g.s. and 
permeabilities of over 1,000 c.g.s. It also causes a 
heavy decrease in the coercive force and hysteresis 
loss. The coercive force and hysteresis loss of 
Specimens A5 and A6 are very little greater than 
those of soft iron. 


Fic. 23..—Sprcimen C6, Ercurp x 100. 


9. The presence of sufficient nickel, or nickel 
and manganese, makes cast iron non-mag- 
netic. Sufficient of these elements tmust be 
added to render the iron entirely austenitic, the 
presence of martensite making the iron feebly mag- 
netic, hard and difficult to machine. An easily 
machinable non-magnetic cast iron could be made 
by having nickel and manganese present in such 
proportions that the combined effect of these two 
elements on the carbon is negligible. Sufficient 
silicon would then be added to precipitate just 
sufficient graphite to give the enaned strength, 
machining properties, surface, etc. 
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10. Malleable cast iron possesses high induction 
and permeability and low hysteresis loss and coer- 
cive force. 

11. The presence of graphite does not prevent 
the attainment of low hysteresis losses, but when 
high permeability and induction are required, the 
amount of graphite should be as small as possible. 


Fic, 24.—Srecrmen A5, Erconep x 100. 


Thus the high permeability (2,500 c.g.s.) of black 
heart malleable cast iron is due to the small per- 
centage of graphite, and pearlite. 

In an article in the “ Electrician’ of August 7, 
1925, Mr. O’Neill deplored the lack of informa- 
tion on the magnetic properties of cast iron, and 
urged that this material ought to be studied from 
the standpoint of its magnetic properties. He 
stated that ‘‘ most grey irons have a hysteresis 
loss of from 30,000-40,000 ergs per c.c. per cycle, 
although Hopkinson reports tests on a bar of this 
material (analysis not given) showing an energy 
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loss of only 13,000 ergs. The coercive force of his 
sample was only 3.8, so that its behaviour was 
surprisingly similar to that of cast pure iron.” 
This statement is typical of the general opinion, ” 
formed 25 years ago, of the magnetic properties of 
east iron. The author has endeavoured to prove 
that the above statement by no means applies to 


Fie. 25.—Srecimen A6, Ercuen x 100. 


all cast irons, and that it is possible to produce 
cast iron with a hysteresis loss equal to that of 
soft iron, certainly less than that of wrought iron 
or mild steel. This class of cast iron should enable 
cast-iron frames to be used in the electrical indus- 
try. Poles could then be cast with the frame, thus 
avoiding joints, which are very undesirable. Cast 
iron has the advantage of high electrical resist- 
ance. The resistance of Specimen 15 is about 
eighteen times the resistance of a similar bar of 
soft iron. This high resistance would reduce the 
eddy currents in the case of alternating current 
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generators, thus resulting in considerable saving. 
Yast iron also has the advantage of cheapness, 
convenient casting properties and low melting 
point. A great disadvantage of cast iron'in the 
cast state is the relatively low induction and 
permeability compared with black heart malleable 
iron, However, when cast iron is malleabilised in 


Fie. 26.—Sprecimen M.J., Etcuep x 100. 


order to produce high induction and high perme- 
ability, the electrical resistance is greatly reduced, 
being only some three times the resistance of soft 
iron. However, the author doubts whether it 
would be economical to produce a malleable cast- 
iron frame for an electric alternator. 

In conclusion, the author wishes to thank Pro- 
fessor Turner not only for indicating such an 
interesting subject, but also for his kind interest 
in the work and for his many valuable suggestions. 
He also desires to thank Professor S. W. J. Smith 
for giving every facility for carrying out the mag. 
netic determinations, and for his kind interest in 
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the work, which has been carried out in the Metal- 
lurgical and Physical Laboratories of the Univer- 
sity of Birmingham, with the assistance of a grant 
from the Department of Scientific and ‘idus- 
trial Research. The author is indebted to the 
staffs of the Laboratories and to his fellow research 
workers for help and encouragement. His thanks 
are also due to the British Cast Iron Research 
Association, and particularly to Mr. S. E. Daw- 
son, Member of Council of that. Association. 


DISCUSSION. 


The PresipENT raised objection to the use of 
the word ‘‘ annealed ”’ throughout the Paper, and 
suggested that the expression ‘‘ heat treated ”’ 
should have been used, because in practice anneal- 
ing was associated .with a much longer process 
than that described in the Paper. 

Mr. S. EK. Dawson (Messrs. Ferranti, Ltd.), 
in expressing agreement with the President 
as to the use of the word ‘“ annealing,” 
said that in connection with non-magnetic cast 
irons the use of the word, in its ordinarily 
accepted sense, was quite wrong, as they could 
not be annealed by long heat treatment; as a 
matter of fact, one did just the reverse, and 
quenched. With ordinary cast iron the metal was 
‘heated up and allowed to cool very slowly over a 
long period, but since non-magnetic cast iron con- 
sisted mainly of austenite which was converted by 
heat into martensite, the effect of this operation 
would be to thereby produce some small amount 
of martensite which would render the material 
slightly magnetic and hard, and it could only be 
re-converted into austenite and the soft condition 
by re-heating and quenching. He also pointed 
out that heat was not the only factor in bringing 
about this change, since excessive mechanical work 
has the same effect, probably due to the formation 
of strains in the austenite. ‘This was to be seen 
on the small turnings which were rendered slightly 
magnetic when non-magnetic cast iron was rough 
machined, the turnings being shghtly converted 
into martensite so that the permeability might be 
as high as 10 although the casting itself was not 
affected. Such a degree of change was, of course, 
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only slight compared with the usual cast iron 
permeability of 300 or more. These turnings re- 
turned to their unity permeability on heating 
and quenching as described. 

Referring to Specimen F in the Paper (page 8) 
and the author’s statement that it was made after 
seeing a notice in the technical Press regarding 
“Nomag,”’ it was clear from the analyses shown 
that this specimen was not in accordance with 
that material, which was 10 per cent. nickel and 
5 per cent. manganese, whereas the specimen made 
by Mr. Partridge contained only 2.04 per cent. 
manganese. This specimen would not be entirely 
non-magnetic, because it was necessary to have a 
minimum content of about 10 per cent. man- 
ganese effect made up either in the form of man- 
ganese itself or the equivalent of nickel which was 
half as strong as manganese in this respect. For 
example, 10 per cent. nickel and 5 per cent. man- 
ganese gave a total manganese effect of 10 per 
cent. (5 per cent. due to the nickel and 5 per cent. 
due ‘to the manganese). The Specimen F indi- 
cated by Mr. Partridge contained a total of only 
7.04 per cent. (5 per cent. due to the nickel and 
2.04 per cent. due to the manganese itself). 

A non-magnetic iron made wholly of manganese 
would, of course, be extremely hard and unusable, 
but 10 per cent. nickel and 5 per cent. manganese 
gives both a non-magnetic and a machinable iron. 


WRITTEN CONTRIBUTION. 


Mr. H. Field (Willenhall) wrote that he thanked 
the author for a very notable contribution to the 
literature on this subject. Many of the facts 
which he has noted already find application in 
the industry, but other parts, and especially the 
section on aluminium, are of the greatest interest. 
Tt was to be regretted that some of the bars in 
Table I did not represent irons which were com- 
mercially practicable. Once again the use of the 
crucible for melting has led to the carrying out 
of Jong experiments on irons with total carbon 
content lower than can be obtained in commercial 
melting practice. ‘This leads to a further factor 
in the very high combined carbon which is asso- 
“ciated with low total carbon, for instance, in 
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samples 8 8, S9 and $10, there is. a combined 
carbon more than twice as high as is obtained 
in practice in one-inch diameter bars with over 
2.5 per cent. silicon. By this means the author is 
led to suggest annealing where none should be 
required, as the combined carbons of 83,8 4, $5 
and S6 can be obtained in ordinary cast metal 
of these silicon contents and dimensions. 

In Table V, the earlier bars contain more 
normal total carbon, but here again the combined 
earbon is abnormally high, as in commercial metal | 
with 3.4 per cent, silicon the combined carbon 
in practice would not exceed 0.25 per cent. If the 
author obtains 1.17 per cent. combined carbon in 
a one-inch diameter bar how would he: produce 
machinable castings }-in, thick? 

It is unfortunate that such metals are chosen 
for a research of this kind, as they largely dis- 
count the practical value of the results obtained. 

In a later paragraph of the paper the author 
refers to ‘“‘ Nomag,’’ a patented non-magnetic cast 
iron, and reports that a somewhat similar alloy 
which he made was “hard and difficult to 
machine.” In fairness to Messrs. Ferranti, it 
should be pointed out that ‘‘ Nomag”’ is as soft 
as ordinary cast iron. 

Under the heading, ‘‘ Malleable Cast Iron,’’ the 
author speciafically deals with blackheart malle- 
able, but makes no mention of European malle- 
able. This is rather hard on our English pro- 
duct, which is already having an uphill fight for 
existence. Actually the curve given in Fig. 16. 
is no better than that regularly obtained on well- 
annealed whiteheart malleable cast iron, which can 
be made almost equal in permeability to mild steel. 


Mr. J. G. Pearce (Director, B.C.I.R.A.), wrote 
that doubtless some criticism will have been raised 
on account of the fact that the author of this 
paper has not dealt with cast irons, but with 
synthetic mixtures of a pure iron carbon alloy and 
the various elements, the influence of which he 
desired to determine. From this point of view the 
title of the paper will appear misleading, 

In dealing, however, with such an alloy as cast 
iron, it is necessary to make such preliminary 
tests, but it is equally important that they should 
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London Branch: 


ELECTRICALLY-PRODUCED BLACKHEART 
MALLEABLE. \ 


By F. A. Melmoth (Mappin Medallist) (Member). 


Malleable iron, particularly in ¢his country, has 
been, and still is, looked upon by engineers and 
designers as a material possessing very definite 
shortcomings. Its use is therefore strictly limited, 
and its scope of applicability, rather than increas- 
ing, is decreasing, mainly owing to the extended 
use of steel castings and stampings. The most 
eommon complaint registered against it is that of 
irregularity, and one is afraid the justice of the 
impeachment has very often to be admitted. 

In spite of the work by Dr. Hatfield and others, 
the fundamentals of malleable cast iron do not 
appear yet to be fully elucidated, with the inevit- 
able result that difficulty and irregularity in its 
production are still experienced. 

Turning to the blackheart variety of this pro- 
duct, research, more particularly in America, has 
succeeded in solving many of the fundamentals 
associated with the material, and the product 
being more regular, its field of application has corre- 
spondingly enlarged, blackheart malleable having 
become one of America’s most important ferrous 
products. 

Some time ago, largely owing to troubles experi- 
enced with malleable iron, it became necessary for 
the writer’s firm to consider seriously the produc- 
tion of its own requirements in this material. 

Obviously, a decision had first of all to be 
arrived at as to which type of malleable offered the 
most promising field for development, always bear- 
ing in mind materials and equipment available, 
together with probable production costs. It was 
desired, if practicable, to bring existing electric 
melting equipment into action on this product. 

After prolonged investigation into the rival 
elaims of blackheart versus whiteheart, it was 
decided to proceed with blackheart material, and 
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endeavour to try out thoroughly the possibilities 
of its manufacture in the electric furnace. 

The decision was based on the following assump- 
tions: —(1) Under given conditions the production 
of blackheart malleable is more certain than is the 
case with whiteheart; (2) the test results available 
in correct materiai of either type are of a higher 
standard in blackheart; (3) the regularity of the 
product with varying thicknesses of section is more 
marked in the case of blackheart; (4) the tempera- 
ture of annealing is lower, and time required less, 
which spells economy; and (5) the very heavy con- 
sumption of annealing pans in the whiteheart pro- 
cess is considerably mitigated by the facts in No. 4 
above. 


Metal Production. 


The manufacture of the necessary metal can be 
approached from either of two angles, the electric 
furnace being utilised :—(a) Synthetically, by car- 
burising steel scrap, and (b) by the direct melting 
of pig-iron, and its adjustment to the necessary 
composition. 

The cost of pig-iron of the correct type, and 
the influence of transport charges, rendered method 
(b) one of considerable doubt from an economic 
point of view. Investigations were therefore 
primarily confined to method (a). 

The details of the production of a white cast 
iron synthetically in the electric furnace are so 
well known that space need not be occupied in 
entering closely into them, and the writer proposes 
to deal only with the control which becomes neces- 
sary when such material has to be of a type which 
can be afterwards malleablised to the blackheart 
condition. 

The fundamental] condition is that the iron must 
be so correctly balanced in its carbon and silicon 
contents that the after-application of the neces- 
sary temperature for the required time will result 
in the precipitation of practically the whole of the 
combined carbon .as temper carbon, by the cata- 
lytic action of the silicon. The material after 
annealing will then consist of a matrix of silico- 
ferrite, with scattered, finely-divided and nodular- 
shaped particles of temper carbon. It should be 
noted that whilst in the whiteheart variety the 
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malleablising process is directly through the 

abstraction of carbon by oxidation, no oxidising | 
action is relied upon in the blackheart process. 

Although a slight surface oxidation of carbon is 

inevitable during annealing, basically the process 

depends upon a change of condition of the carbon 

content, induced by the effect of temperature and 

time .and the silicon content, 

This change being a very delicately balanced 
action, and susceptible in the extreme to varia- 
tions in conditions, control of carbon and silicon 
becomes of the utmost importance. 


Analysis Sought. 


The analysis range found to be most suitable 
in the hard state is as follows:—Carbon, 2.35 to 
2.6; silicon, 0.80-to 1.00; manganese, under 0.3; 
sulphur, as low as possible, say 0.03; and phos- 
phorus, 0.15 to 0.25 per cent. 

The carbon and silicon are of course somewhat 
variable in their requirement, and depend largely 
upon the average sectional area of the class of 
work being made. Bearing in mind the essential 
of a definitely white non-graphitic fracture in 
the casting before annealing, it is possible, on very 
light work, somewhat to increase the upper limits 
of the range given above for these elements. 


Influence of Composition. 


Carbon.—The tensile strength of blackheart mal- 
leable is to a large extent inversely proportional to 
_its total carbon content. This is due to the fact of 
the continuity of the tough ferrite matrix being 
interrupted to a greater or less degree by the par- 
ticles of temper carbon, It follows, therefore, 
that to obtain the highest degree of strength the 
carbon content must be as low as is possible to pro- 
duce—with the silicon present—a material, after 
annealing, in which the combined carbon has been 
almost entirely dissociated from the Fe,C iron 
carbide form to free carbon and free ferrite. 

To obtain this result it is possible, within reason- 
able limits, inversely to balance carbon and silicon 
contents. Thus, with a low carbon content and a 
high silicon, or inversely with a higher carbon 
and lower silicon, the ultimate end would be, 
within limits, similar. 
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The point of paramount importance is that no 
free carbon must exist in the unannealed state of 
the material, or the resultant product after anneal- 
ing is quite accurately - described technically as 
** rotten.”’ 

Silicon.—The function of silicon is only that 
of a catalyser. Its presence in definite amounts, 
somewhat inversely proportional to the carbon, is 
essential to the decomposition of the iron carbide 
into free iron and free carbon during the anneal- 
ing process, 

If present in too large a quantity the lability 
to the precipitation of graphite during cooling 
from the molten condition is markedly increased. 
The percentage allowable is also controlled to a 
considerable extent by the average cross-sectional 
area of the castings being made, and its amount 
should vary in inverse direction to the section. 


Manganese.—The simple carbide of iron Fe,C 
is more easily dissociated into its components 
by the action of heat, when unaccompanied 
by a double carbide, such as the double carbide of 
iron and manganese. The presence of manganese 
in quantities sufficient to produce appreciable 
amounts of the double carbide certainly appears 
to retard annealing, and tends towards the forma- 
tion of pearlite, the eutectic mixture of iron car- 
bide and iron. This produces a marked inclina- 
tion in the material towards ‘“ banding,’ The 
presence of a greater amount of sulphur than is 
normally present in the electric-furnace product 
would probably, by accounting for part of the 
manganese as manganese sulphide, permit of a 
somewhat higher upper-limit figure. With the 
very low sulphur existing in electric-furnace white 
iron, the author has been unable to detect any 
real advantage in the use of manganese. If, as is 
sometimes claimed, it contributes additional 
strength, it may be because it tends towards the 
formation of pearlite, a constituent pre-eminently 
of value in whiteheart, but of dubious benefit to 
blackheart material. 


Sulphur.—This, if present in appreciable quanti- 
ties, is decidedly harmful to blackheart malleable. 
This is on account of its action in tending to 
stabilise the iron carbide content, which makes its 

I 
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transition to free carbon and free iron difficult by 
normal methods of annealing. 

‘The percentage of manganese present would 
doubtless have a modifying action in this direction, 
but the objections to the latter element previously 
stated make it advisable not to rely on this action, 
but rather to keep sulphur content as low initially 
as is possible and commercial. 

Phosphorus.—Up to 0.25 to, 0.30 per cent. no 
detrimental effect has been directly attributable to 
this element. The reverse appears rather to be the 
case, as it has been noticed at times that a low 
phosphorus content has resulted in annealing being 
more difficult. It can be assumed, therefore, that 
up to the limits mentioned, the action of phos- 
phorus is in favour of the easy decomposition of 
iron carbide into its component elements. 

Above these limits the known action of phos- 
phorus on the ferrite becomes noticeable, and the 
material to some extent loses in tensile strength. 
The author would also expect that the capability of 
the material to resist shock impact would be les- 
sened, but has no figures to offer to confirm this. 

Chromiwm.—This element can be dealt with as 
an accidental impurity. Its action on iron car- 
bide is well known, and it would therefore never 
be intentionally added to blackheart malleable 
iron. If present in appreciable quantities it re- 
sults in the almost complete retention of the car- 
bon in the combined condition, and annealing in 
an impossibility. In small quantities ite action is 
to produce in the material a strong tendency to 
'“ banding.” 

The influence of the various elements being 
approximately as stated above, it becomes neces- 
sary to decide whether or not the electric furnace 
is a suitable medium for the production of 
the material. More definitely, could the electric 
furnace be relied upon to give the necessary con- 
trol of composition in order that the elements 
mentioned would be consistently kept within the 
essential limits? , 

The author states with confidence that the range 
of analysis given can be easily conformed to in 
the electric furnace. No serious trouble was en- 
countered, and given some experience of electric 
melting, no fear of serious variations likely to 
affect annealing need be entertained. 
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Silicon content being vital calls for special cau- 
tion. Under the basic slags used there is a ten- 
dency for a partial absorption by the slag, which, 
however, can be counteracted by the usual means 
of keeping the slags reducing, and. controlling the 
time for which the silicon content is exposed to 
such action. 


Practical Results Obtained. 


The metal was found to be fluid, and very sound. 
No abnormal difficulties of casting arose, and no 


intricate special precautions in moulding were 


found to be necessary. The author is of opinion 
that the metal does not demand the,amount of 
feeding to produce a sound casting usually found 
with cupola-produced metal. It appears to be 
entirely free from gases likely to produce unsound- 


ness in the casting, and the amount of superheat | 


obtainable in the electric furnace makes the pro- 
duction of light sections a comparatively easy 
matter. It possesses no undue tendency to crack 
either during or after solidification, and compared 
with the cupola product appears very much 
stronger in the hard cast condition. This latter 
is quite an important commercial factor, as it re- 
duces appreciably possibilities of fracture in 
handling before annealing. 


Potentialities of Electrically-made Malleable. 


Is the material affected in any way by the elec- 
tric furuace atmosphere, or any possible arc action, 
which would cause it to resist annealing under ordi- 
nary commercial conditions? After making some 
hundreds of tons of the material, the author sug- 
gests that no trouble need be experienced if the 
following fundamentals are adhered to:— 

(1) The iron as cast must be entirely free from 
free carbon; (2) the carbon and silicon must be so 


balanced in their relative proportions as to pro- | 


duce, when annealed, the almost complete dissocia- 
tion of the iron carbide; (3) manganese should be 
kept low; and (4) sulphur as low as possible. These 
points refer only to the metal as such, and further 
contributory points bearing on the question will 
be dealt with later. 5 

The author having satisfied himself under Jabora- 


tory conditions that the material would produce 
Te 
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correctly-constituted blackheart malleable, large 
enough quantities were produced to bring into 
action an annealing furnace more nearly of com- 
mercial size. The effects of mass action, packing 
conditions, and so on were then capable of being 
observed. 

It is quite normal to find that conclusions 
arrived at by laboratory or other small-scale in- 
vestigations are completely upset when the hard 
facts of bulk production and workshop conditions 
and appliances come into the equation. Numerous 
points arose for settlement, principally connected 
with the following causes:—(a) Packing material; 
(b) time required for heat conduction through 
large boxes; and (c) local variations in tempera- 
ture in the annealing furnace. 

Packing Material.—To make sound blackheart 
malleable the packing material must be (1) of 
practically a non-oxidising character; (2) of a 
degree of fineness sufficient to promote close pack- 
ing and the elimination of as much as possible 
of included air spaces, and (3) to be not too 
refractory, which would result in a very slow heat 
conduction through the packed box of castings. 

Several materials were used, sand, millscale, and 
spent annealing ofe being the principal ones. The 
first material, sand, whilst conforming quite well 
to conditions (1) and (2), failed very badly in 
condition (3). To produce satisfactory annedling 
throughout, the time period had to be considerably 
increased. 

The second material, millscale, conforms to re- 
quirements (2) and (3), but as received is far 
too oxidising for use. A defect is produced which 
is dealt with under defects due to annealing. 

The third material, spent annealing ore, gave 
fairly good results, but in addition to being some- 
what too coarse, its condition as received varies 
from being almost non-oxidising to a state in 
which.it is strongly oxidising, and more suitable 
for whiteheart practice. 

The defects of millscale and spent ore, being 
due to excessive oxidising capacity, are able to be 
corrected. Their action upon the carbon of the 
castings is productive of a continuous reduction 
of the amounts of active oxide of iron they con- 
tain, When this aotive oxide is reduced to small 
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proportions, their action from a  decarbonising 
point of view is almost negligible, and so long as 
additions of fresh material are very small, no 
further trouble is experienced. The addition of 
crushed acid slag considerably reduced the activity 


‘of the initial packing material, without seriously 


lowering its conductivity for heat. The packing 
the author is now using, therefore, is a mixture of 
spent ore, millscale, and crushed slag, to which 
additions are made as required, in the smallest 
possible quantities. 


Heat Conduction through Boxes.—This question 
is of considerable importance. With thermo- 
couples so adapted as to show temperatures of top 
and bottom of the annealing furnace, the author 
was surprised to find how long a period elapses 
before the bottom temperature comes within 
reasonable distance of the top. This is 
undoubtedly controlled to some extent by the 
nature of the packing, and caused the rejection 
of sand as a packing material. 

In a furnace holding 7 to 10 tons of castings 
packed in boxes 18 in. sq. a period of 18 to 24 hrs. 
was often required to approach equilibrium of 
temperature. It has to be remembered that 
blackheart malleable is very susceptible to high 
annealing temperatures, and loses materially in 
quality iby such treatment. It is therefore 
impossible to force the temperature at the top’ 
of the furnace in order to aid the bottom. 


s 


Furnace Design. 


Although good furnaces are obtainable, the 
difficulty of evenly heating the large mass 
involved does not appear to have been solved. 
In the general type most of the heat is admitted 
at or near the top, at one end, or on two sides. 
To produce a material showing to the full the 
real capabilities of blackheart malleable, a very 
close control of annealing temperature is neces- 
sary. The range within which the best material 
is obtained is not by any means wide, and there- 
fore variations of a local character in the anneal- 
ing furnace become serious. It is therefore neces- 
sary to insist upon a type of furnace which suffers 
to the least extent from unequal heating. 


230 


The formation of temper carbon, upon which — 
fact the whole nature of blackheart malleable is 
based, takes place slowly and progressively as 
the temperature falls during the cooling period. 
Unless the speed of cooling is coincident with 
the rate of progression of this change, varying 
amounts of carbon in the combined form will be 
carried down to the recalescence point, at which 
point they become pearlite, Such material will 
not possess the true characteristics of blackheart, 
being much harder, and less easily machinable. 
It will break with a steely fracture scattered over 
with dots of temper carbon. It is essential there- 
fore that the annealing furnace shall be so con- 
structed as to allow of absolute control of the speed 
of cooling, in all parts. This speed should approxi- 
mate to 7 to 10 deg. C.'per hr. in the upper 
ranges, falling to a speed of 3 to 5 deg. per hr. 
as the temperature approaches 760 deg. C., from 
which figure down to 690 deg. C. no speed of fall 
greater than 3 to 5 deg. per hr. is permissible. 
Such figures call for careful insulation of the fur- 
mace particularly in the vicinity of the doors. 


The Annealing Process. 


The process of annealing is, shortly, as follows: 
The carbon content, entirely in the form of Fe.C, 
or cementite, is taken into solid solution in the 
iron by retaining at the desired temperature for 
a sufficient length of time. The period of soak- 
ing at the full temperature causes the graphitisa- 
tion of this solid solution, assisted by the action 
of the silicon content. This graphitic carbon is 
then precipitated from solution in the form of 
temper carbon, as the temperature is slowly and 
progressively reduced. Temper carbon and 
graphitic carbon are essentially the same, the 
difference being one of form. The degree of fine- 
ness of the temper carbon ‘is largely a matter 
controlled by the maximum temperature reached 
during annealing. The higher the temperature, 
the more the temper carbon particles take the 
form of graphitic carbon, and as a consequence, 
the weaker the material. This, of course, is in 
addition to any weakness contributed by the 
action of long-sustained high temperature on the 
ferrite, which .becomes more coarsely crystalline, 
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and therefore weaker, the higher the temperature 
of annealing. 


The solution of the iron carbide, or cementite, 
and the graphitisation of the resulting solid 
solution take place at a speed which is controlled 
by the temperature attained during annealing. 
In order to shorten the annealing process, it 
might therefore be thought advisable to work at 
higher temperatures. A consideration of the 
above points will show, however, that this cannot 
be done without a corresponding loss in the 
quality of the material produced. 


The common defects normally due to the 
annealing operation are as follow:—(1) Band- 
ing, or the production of pearlite in the outer 
skin of the casting; (2) a coarse crystalline 
arrangement of the ferrite with consequent loss 
of strength and ductility; (3) a structure com- 
posed largely of pearlite with scattered particles 
of temper carbon, which is brittle; (4) an angular 
coarse formation of the temper carbon, with loss 
of strength and ductility; and (5) a mixed struc- 
ture of temper carbon and pearlite containing 
scattered particles of cementite. This structure 
is hard, brittle, and practically unmachinable. 
Taken in the order named, the author is of the 
opinion that the reasons for these are as 
follow :— 

Banding.—There are several reasons for this 
defect, but the main one appears to be an exces- 
sive removal of carbon from the outside skin of 
the casting during annealing. It has been pre- 
viously stated in this Paper that the fundamental 
principle in blackheart malleable is the balancing 
of the carbon and silicon content in such a man- 
ner as to be able to dissociate the iron carbide 
into free carbon and free iron by the action of 
heat. If, with a given silicon content, too low a 
carbon content were used, normal annealing and 
cooling would produce, not blackheart malleable, 
but a brittle steely material, having a structure 
largely pearlite, with only part of the carbon 
deposited as temper carbon. It follows, therefore, 
that a local removal of carbon, from any cause, 
is liable to be followed by the production, in 
greater or less degree, of this state of affairs in 
the part affected. 
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An oxidising packing material, say containing 
an excessive amount of active ferrous oxide, 
would remove carbon from the outer portions of 
the castings, and bring about this result. <A 
coarse packing, with excessive air spaces, tends 
in the same direction. The author would add that 
this oxidising action is aggravated by a high 
annealing temperature, and pearlite bands are 
frequently due to this error, Another reason, 
somewhat connected with the one dealt with, but 
perhaps open to argument, is believed by the 
author to be the following :— ; 

It has been previously stated that in order to 
produce material as high in tensile and ductility 
as possible, the carbon content must ‘be kept on 
the low side, that is, so far as is permissible to 
produce normal behaviour during annealing. As 
the result of many experiments, the author is con- 
vinced that some absorption of surface carbon 
takes place always in commercial annealing, no 
matter what precautions are taken. He suggests, 
however, that a compensating action is proceed- 
ing during the annealing period. Oxidation can 
only continue until such time as the gaseous 
atmosphere of the box of castings becomes largely 
carbon monoxide, when it ceases entirely. 


Mhe cementite being in solid solution at this 
time, is tending to diffuse, causing a movement 
towards equilibrium of carbon content between 
centre and outer portions of the castings. If 
the total carbon was originally on the low 
side, this diffusion may be of an amount insuffi- 
cient to raise the outer portions to a percentage 
of carbon capable of being precipitated as temper 

carbon during cooling. Pearlite formation 
naturally follows, and the casting possesses a hard 
outer skin, of varying depths and very difficult 
to machine. Per contra, the original carbon con- 
tent being on the high side, diffusion is sufficient 
in quantity to build up the carbon content of the 
outer skin affected by oxidation, and sufficient is 
present for temper carbon precipitation to proceed 
normally. 

The steps necessary, therefore, to combat this 
defect are the use of a packing as little oxidising 
as possible and fine enough to prevent the inclusion 
of excessive air in its interstices, a temperature 
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of annealing not too high in an ambition to speed 
up matters, and a carbon content not forced too 
low in a laudable but perhaps over-enthusiastic 
effort. to obtain abnormal tensile and elongation 
results. ; 

Coarse Ferrite.—This formation is almost 
entirely due to the use of too high an annealing 
temperature, although it is possible it may be 
accentuated by an excessive phosphorus content. 

Pearlite and Scattered Temper Carbon.—This 
structure may be caused by too short a time 
at full temperature. Graphitisation. may not 
be completed, and part of the carbon exists in the 
combined form, although the original cast form 
of the iron carbide may be completely removed. 
Too rapid a cooling rate also tends towards the 
same condition, the temper carbon not having a 
sufficient period during which to form. 

Angular Formation of Temper Carbon.—The 
form taken up by the particles of temper 
carbon is a function of temperature. Low 
temperature and sufficient time produce a 
nodular, more or less innocuous shape, whilst ° 
this form becomes progressively more angular 
and deleterious in its influence as the tem- 
perature increases. This constitutes a further 
argument against undue haste and the use of high 
temperatures, 

Temper Carbon, Pearlite and Cementite Struc- 
ture.—This mixed structure is obtained when 
either temperature or time, or both, have been 
insufficient. The original iron carbide existing as 
cementite must be completely taken into solution. 
In this case all the reactions involved have: only 
proceeded partially, and the material is worthless 
as it stands. It can, however, in this case be 
salvaged by a careful second annealing at a reason- 
able temperature, thus allowing the partial 
changes to complete themselves. 


Physical Test Results. 

In correct conditions, where precautions are 
taken to obviate the various annealing defects 
above dealt with, a material is produced possess- 
ing a remarkably high standard of performance 
under test. Many hundreds of charges from 30 
to 40 ewts. each have been run into castings, and 
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the results obtained from standard test bars, 
annealed with the castings, carefully logged for 
comparison purposes. Average results appear to 
run about 25 tons maximum stress with 14 to 15 
per cent, elongation on 2 in., but a considerable 
number of charges have given results well over 
26 tons and 20 per vent. elongation. The maxi- 
mum figures obtained up to now are 26.9 tons with 
28.0 per cent, elongation on 2 in. | The general 
strength of the castings made from the charge 
represented was abnormal for malleable, and was 
almost comparable with castings made from mild 
steel. : 

It is not claimed that such results can-at pre- 
sent be obtained in all instances, even with the 
most extreme degree of care, but careful investi- 
gation as to the causes of these occasional] remark- 
able results should lead to a more complete under- 
standing of their character, and the consequent 
raising of the average standard, 

In all cases where material giving over 20 per 
cent, elongation has been obtained the total carbon 
was on the low side, 1n the neighbourhood of 2.35 
per cent., and it has not been found possible to 
produce results of this nature from material in 
the higher ranges of carbon, no matter how care- 
ful the annealing control. Unfortunately, how- 
ever, low-carbon material is much more susceptible 
to the production of pearlite bands, from any of 
the causes previously dealt with, than is the 
higher-carbon material. The solution appears 
therefore to be the complete elimination of the 
band-producing condition, so as to enable the 
general product to be run at the lowest practicable 
carbon content consistent with a satisfactory 
behaviour of the material from a casting point of 
view, 

Tensile and elongation properties in blackheart 
malleable, unlike other metallic alloys, increase or 
decrease together. In correctly constituted 
material a high tensile is associated with a high 
degree of elongation, and a low tensile with a low 
elongation. This remark refers only to material 
which can accurately be described as blackheart 
malleable—that is, an iron carbon alloy in which 
the whole of the carbon has been precipitated as 
temper carbon, with a general structure of cor- 
rectly proportioned ferrite. 
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Some of the intermediate products due to incor- 
rect annealing, and containing considerable per- 
centages of carbon as pearlite, will, as might be 
expected, sometimes show unusually high tensile 
figures, but in such cases elongation is always low. 

The anticipated difficulties regarding the consti- 
tution of packing materials, and even heating of 
annealing furnaces, having been overcome, the 
regularity of the product became very good. 

Unusual cases of abnormally high elongation 
figures, whilst being interesting and offering use- 
ful opportunities for research as to their cause, 
are not the best criterion of the value of a product 
such as malleable iron. The author feels sure that 
the fact of the last 52 charges of metal of 35 cwts. 
to 2 tons per charge, having given results after 
annealing which average 25.7 tons per sq. inch 
with 17 per cent. elongation, will more easily 
demonstrate that the product has decided possi- 
bilities. 


—Sa 


DISCUSSION. 


Commercial Success Queried._ 


_ Tue Brancu-Presipent (Mr. G. C. Pierce), after 
congratulating Mr. Melmoth, said that it was 
pleasing to note that there were some firms who 
were prepared to attempt to establish ood, com- 
mercial blackheart malleable iron. e believed 
he was right in saying that formerly blackheart 
malleable iron castings were considered to be a 
type which could he produced successfully only in 
America, and one or two British firms, and all 
credit was due to Mr, Melmoth, and to Messrs. 
Lake & Elliot, for their efforts to establish a new 
commercial method of production in this country. 
Mr. Melmoth had expressed himself as satisfied 
that the castings could be produced commercially. 
He (the Branch President), however, without ask- 
ing for any particular figures, would like to know 
whether Mr, Melmoth could give an assurance that 
these castings could be produced commercially, in 
competition with America. 

Mr. Metamora replied that, naturally, he based 


his statement on the ordinary purchase prices of 
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malleable cast iron in this country. The’ issue. 
raised by the Branch President, however, was alto- - 
gether outside the scope of the Paper; it was far 
too large to be brought into the equation. The 
American schemes of production for malleable 
cast iron were not even approached in this coun- 
try, from the point of view of magnitude, capital 
invested, and so on, all of which had a consider- 


Ne. 1. 


This section (x 50 dias) is of material of normal 

analysis and annealed in ordinary works conditions. 

Note shape of temper carbon is roughly nodular, 

and fairly evenly distributed. The test result was : 

Max. stress, 24.9 tons per sq. inch; elongation per 

cent. on 2 in., 20 per cent.; and cold bend, 1 in. x 
5-16 in., 170 deg. unbroken. 


able influence on production costs, but he could 
say that it was possible, using a cheap base mate- 
rial, to produce malleable cast iron in this country 
which could find a market, That, he felt, was as 
far as he need go. If the costs of production were 
so high that the product could not find a market, 
then it was dead in any case, but if it were being 
sold every week to the extent that his firm were 
able to sell it at the present time, then it was 
obvious that it was being produced here 
commercially. 
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High Temperature and Graphite Precipitation. 

Mr. V. CO. Favutkner said it was stated by the 
author in his excellent Paper that the details of 
the production of a white cast iron for the manufac- 
ture of malleable iron synthetically in the electric 
furnace were so well known that space need not 
be occupied in entering closely into them. He 


ie, 


This section (x 50 dias) is of similar analysis to 
Fig. 1, and annealed under the same conditions. The 
packing material, however, was too oxidizing, and 
the defect of “banding” has been developed. The 
normal temper carbon and ferrite structure, shown 
on left hand portion of print, can be seen merging 
into a pearlite formation on right hand side. This 
was decidedly hard in machining. The test result 
was: Max. stress, 24.2 tons per sq. inch; elongation 
per cent. on 2 in., 8.5 per cent.; and cold bend, 
80 deg. unbroken. 


would like the author to give him the references 
for this ‘‘ well-known ” process, because he could 
not at the moment recollect a Paper on that 
particular phase of metallurgy, but he imagined, 
however, that the process would have, for its raw 
materials, steel scrap, anthracite and ferro-silicon. 
About a fortnight previously, in the German paper, | 
“Stahl und Wisen,’’? Professor Piwowarsky had 
published an admirable Paper showing that if iron, 
no matter whether it was white or grey iron, were 
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teemed at a very high temperature—above 1,500 
deg.—it became more grey; the writer had made 
special reference to this particular method of pro-- 
ducing malleable, and said it had been . found 
that, owing to the action of the electric arc, locally 
overheating the metal iron was liable to be pro- 
duced which showed a certain amount of graphite, 
which, of course, was detrimental to the production 
of good castings. Continuing, Mr. Faulkner asked 
whether difficulty had been experienced as the 
result of the presence of chromium in the raw 
materials, 7.e., in the steel scrap, because an 
examination of the average scrap heap in Great 
Britain would reveal that there was a considerable 
quantity cf chromium scrap amongst it. 


The Process of Manufacture. 


Mr. Meumors said that when he had stated 
that the details of the production of a white cast 
iron synthetically in the electric furnace were well 
known he was certainly taking it for granted 
that, amongst the people engaged in the electric 
furnace trade this particular process was well 
known, Mr. Faulkner being included in that 
number. During the war a quantity of white iron 
was made here for replacing Swedish white iron. 
It was made entirely from wrought iron or steel 
scrap, carburised with anthracite coal, exactly as 
Mr. Faulkner had stated. Really there was very 
little in it. A base material somewhat suitable 
_ in composition—because one did not want to have 
to do much adjustment afterwards, although the 
composition might be corrected even if varied 
sightly—was melted down with an excess of car- 
bonaceous material, such as anthracite; then a 
bath sample was taken in order to show the 
percentage of carbon, the silicon was adjusted by 
means of ferro-silicon, the slag put into condition, 
and the material tapped. It became difficult when, 
say, manganese was high in the initial scrap. 
Then one had to take advantage of the affinity, or 
increased affinity, for oxygen of manganese over 
carbon, and slightly oxidise the bath, in which 
case one put the manganese into the slag and 
brought it down in the bath to the required 
amount, afterwards pulling off the slag. There 
_ was no serious difficulty about the manufacture of 
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the white iron itself. The effect of high tempera- 
ture of casting, as stated by Mr. Faulkner, seemed 
‘te be a logical sort of statement. One of the 
things that had come to the front very much was 
the question of pre-heating moulds for the pro- 
duction of pearlitic cast iron. If the electric 
. furnace were permitted to utilise its full capa- 
bility for heat—it was limited only by the refrac- 
tories—the iron might become very much too hot.’ 
If that were the case, then that superheat, to his 
mind, would be used to pre-heat the mould during 
the period before solidification. A given composi- 
tion, under those conditions, would produce 
graphite. In other words, a composition which, 
when cast into a cold mould, would give a white 
metal, and when,cast into a hot mould would give 
a grey metal. He was satisfied, assuming the tem- 
perature were reasonable, that perfectly white cast- 
ings could be made. The test results alone should 
be sufficient to prove that; had primary graphite 
existed in those cases, it would have been a physi- 
cal impossibility to have produced tests showing 
over 20 per cent. elongation, : 


Chromium in the Scrap. 


With regard to the presence of chromium in 
the scrap, he had experienced that difficulty, and 
so would anybody who chose his scrap: indiscrimi- 
nately. A certain amount of care had to be 
shown in that connection, but it was possible to 
get scrap without chromium. That was one of 
the ordinary precautions which anyone who in- 
dulged in this particular method would have to 
take. | 


Blackheart versus Whiteheart. 


Mr. J. W. Garvom, after thanking Mr. Mel- 
moth for his lecture, said that during the previous 
lecture an engineer had said that the foundryman 
did not know anything about his job, and now 
Mr. Melmoth stated that, owing to the irregu- 
larity of the material he had bought, he had had 
to make his own malleable. But when one had 
decided +o make malleable, one had to decide 
whether to make blackheart or whiteheart. Mr. 
Melmoth had given a number of reasons why 
blackheart had been chosen. . The first was that, 
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under given conditions, the production of black- 
heart malleable was more certain than was the 
case with whiteheart. He (Mr, Gardom), however, 
did not think so. Actually, he was rather of the 
opinion that the production of blackheart was 
more difficult than the production of whiteheart. 
Quite a number of people did not share that view, 
for the reason, he believed, that blackheart was 


Fira. 3. 


This section (x 50 dias.) has a normal analysis, and 
was annealed in same conditions as Fig. 1. Vhe 
shape of temper carbon and its distribution. are both 
very good. This is typical of the structures giving 
the very highest test results. The test result on bar 
was: Max. stress, 28.3 tons per sq. inch; elongation 
per cent. on 2 in., 26 per cent.; and cold bend, 
180 deg. unbroken. 


being made mostly in America, where they had 
spent much time and money on making it pro- 
perly, and it was essentially a high-output pro- 
duct. That meant that a percentage of the pro- 
duction costs were given over to control, antl that 
percentage was sufficiently high to allow of one 
or more skilled workers being employed on. noth- 
ing but control. Unfortunately, most of the white- 
heart malleable makers in this country were -not 
able to afford that luxury. Again. he was afraid 
that most or many of the whiteheart makers were 
tempted, by the keenness of the engineer-buyer, to 
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cut down their costs too much. They tried to cut 
their costs to meet competition, or the supposed 
competition, of other people, and in order to do 
that they cut out essential operations. That 
meant that they were lowering the quality of the 
product, and one could not blame the difficulties 
of manufacture, for instance, in that case. 


Where Whiteheart Succeeds. 


Another reason why Mr. Melmoth had decided to 
make blackheart malleable was that ‘the best 
results available in correct material of either type 
were of a higher standard in blackheart.”’ Of 
course, test results could be made anything. 
One obtained higher tensile, elongation an 
bending figures with blackheart, but they were 
not everything. There was also, for instance, 
the question of rigidity. One did not get that 
property in blackheart to the extent that one 
did in whiteheart, and it was an essential pro- 
perty in many machines. Then there was the 
yield point, and a figure could be obtained with 
whiteheart which was from 2 to 4 tons higher than 
that obtained with blackheart. Also, the average 
of three Izod tests he had carried out was 
7 ft.-lbs. for the blackheart and 8 ft.-lbs. 
for the whiteheart. The tests were made in the 
laboratory. Again, his firm (Messrs, Bagshawe, of 
Dunstable) had devised fatigue tests on malleable 
which was to be used particularly for axles. Part 
of an axle was mounted and rotated at a speed 
of 1,000 r.p.m., and a load was applied at the end. 

It was practically the Wohler test, but not quite 
the same thing. The application of the load at 
that speed meant that there was an alternating 
load applied 2,000 times per minute—compression 
and tension. The tests were commenced with a 
given load, which was increased after a certain 
number of hours. The blackheart gave 14 kg. per 
sq. mm., and the whiteheart gave 15 kg. per sq. 
mm., and, for the purpose of comparison, it might 
be interesting to note that 0.30 carbon steel gave 
17 kgs. per sg. mm. 


He considered that the whiteheart made by his 
firm, at any rate, had a better machinability than 
other people’s blackheart. It was, of course, a 
very difficult thing to evolve a test which would 
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not produce argument, but, for a given feed and 
traverse, that whiteheart could be worked at about 


120 ft. per minute, whereas blackheart which he 


had tested could only be worked at 100 ft. per 
minute. Also, for certain parts of electrical 
apparatus whiteheart was again hetter. Its resist- 
ance to corrosion was greater, and, for, such things 
as electro-plating, and probably for galvanising 


Fic. 4, 


This section (x 50 dias.) was cut from a bar of rather 
abnormally high carbon content, namely, 2.66 per 
cent. Castings were white in fracture before anneal- 
ing, so far as could be seen. The large, badly 
shaped temper carbon particles are characteristic of 
high carbon content, and are invariably associated 
with low tensile and elongation properties. Tensile 
result on bar: Max. stress, 22.2 tons per sq. inch; 
elongation per cent. om 2 in., 11 per cent. 


as well, it was better than blackheart, and would 
certainly give a much higher polish if necessary. 

It had‘ been stated that the scope of applica- 
bility of malleable was decreasing rather than in- 
creasing, mainly owing to. the extended use of steel 
castings, but later it was stated that the amount 
of superheat obtainable with the electric furnace 
made the production of light sections a compara- 
tively easy matter. That meant that Mr. Mel- 
moth was superheating the charge and so 
approaching the melting point of steel. What was 
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the use, therefore, of making malleable? Why had 
he not made steel? 


Consumption of Annealing Pans. 


Continuing, Mr. Gardom asked at what tempera- 
ture Mr. Melmoth opened up his annealing fur- 
naces. As to the lecturer’s reference to the very 
heavy consumption of annealing pans in. white- 
heart, he had his own ideas about that, and was: 
not saying that the consumption was not heavy, 
but he would like to know the number of tons 
of annealing pans used in producing a ton of 
blackheart malleable. As to the statement that 
the temper carbon was produced as the tempera- 
ture was lowered, he supposed Mr. Melmoth would 
agree that temper carbon was produced as soon 
as the A.C.1 point was passed, and, if that were 
so, he would also agree that temper carbon was 
produced very rapidly over the first period of the 
annealing operation, and that the rate slowed 
down more and more as equilibrium was 
approached. He believed he was right in saying 
that 75 per cent. of the temper carbon was pro- 
duced in 25 per cent, of the time the material 
was held at annealing temperature. If that were 
so—and some people seemed to think it was— 
would it not be permissible, after the majority of 
the temper carbon had been produced in the form 
in which it was required, to raise the tempera- 
ture so that the temper carbon was precipitated 
more quickly, and so cut down the annealing time, 
because ir the remaining time the temper carbon 
produced could not destroy the initial formation? 

As to the composition of the metal, as given in 
the paper, he was rather doubtful about the phos- 
phorus content, and would rather have seen a 
little less phosphorus and a little more sulphur ; 
but, for the composition given, what did Mr. 
Melmoth consider the best annealing tempera- 
ture? Some notes had been given as to the mixing 
of the materials for annealing, and he asked Mr. 
Melmoth if he would give also the proportions 
they were mixed in, 


Blackheart versus Whiteheart. 


Mr. Metmors, dealing first with his statement 
that, under given conditions, the production of 
blackheart malleable was more certain than was 
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the case with whiteheart, said he was afraid he 
had judged whiteheart very largely by the pub- 
lished accounts of its behaviour, coupled with its 
behaviour in the machine shops of his firm. So 
far as the published accounts were concerned, 
one would imagine that people representing mal- 
leable firms would hardly write accounts in which 
they appealed for help, more or less, and state 
that they had questions which they could not solve, 
and, he believed, called upon the British Cast Iron 
Research Association to help them, if the pro- 
duction of whiteheart were quite so plain as Mr. 
Gardom would have them believe. So far as 
blackheart. was concerned, America, undoubtedly, 
had already carried out a considerable amount of 
that investigation which was being asked for in 
connection with whiteheart. There might be, and 
- probably were, quite a number of whiteheart 
foundries producing satisfactory malleable con- 
tinuous, but apparently his firm were not buying 
their material from those foundries. The research 
carried out by the Americans had solved a 
number of questions, and one could almost pre- 
dicate what was going to happen with a given 
temperature of annealing and a given analysis 
in a blackheart malleable casting, though not 
quite. 

With regard to unreliability, he had mentioned 
that also; as the result of his own experience his 
firm were buying very large quantities of malleable 
iron and could get definite satisfaction for a time, 
but later -something happened to the material, 
and, although probably many thousands of Ccast- 
ings came through satisfactorily, maybe another 
batch gave very serious trouble. Matters would 
then be straightened out again, because, when any- 
thing went wrong, most of the makers knew what 
was the trouble and put it right, but after a 
time the unreliability factor again arose. That 
was honestly his experience. 

As to the effect of the keenness of the engineer 
buyer, that applied equally to both blackheart 
and whiteheart, and one could hardly give favour 
to whiteheart in that connection, 

Coming to the test results, he said Mr. Gardom’s 
figures were very illuminating, but he did not 
know whether he had had a number of test results 
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on blackheart to compare with those on white- 
heart, or whether he was covering a very limited 
area. If the latter, his investigations were rather 
small, to say the least. The test results he him- 
self had given were produced out of the ordinary 
oven, and not in the laboratory. The. test bars 
were packed in the boxes with the castings and 
cast at the same time, and no special attention 
was given to them. 


Rigidity or Brittleness > 

_With regard to rigidity, Mr. Gardom had said 
that whiteheart was superior to blackheart in that 
connection. Exactly. ‘‘ Rigidity’ meant, in pro- 
portion, ‘ brittleness.’’ It must necessarily mean 
that. The more rigid a thing became, the less 
ductile it became. It was granted, therefore, that 
whiteheart had the greater rigidity. As to the 
test for fibre stress, which was an‘adaptation of 
the Wohler test, he did not quite understand the 
way in which the figures were given, because they 
were usually given as revs. under a given fibre 
stress load, so that he was not in a position to 
reply to that point. 

Machinability. 

As to machinability, here, again, Mr, Gardom’s 
results were probably obtained on a few samples, 
and he was not prepared, to question the figures. 
But, on the other hand, he saw no reason why 
the machinability of blackheart should not be quite 
equal to that of whiteheart castings. Mr. Gardom 
had referred to surface speeds, but he had not 
referred to the drilling of bosses. One of the 
troubles was that, although one could get a soft 
surface almost invariably in whiteheart, as soon 
as the sections thickened, the trouble began. 


Galvanising. 

Where galvanising was concerned, he agreed 
that whiteheart won every time. The temperatures 
at which it was carried out were not by any means 
good for blackheart, although it could be done 
under reasonable conditions, with special reference 
to temperature. 

Replying to the question as to why he had not 
made steel instead of malleable, he said that he 
was making steel. But malleable was called for, 
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and, with the base material which was being used, 
and various other factors, he believed malleable 
could be produced cheaper than steel. The tem- 


perature at which the annealing furnaces were 
opened up was about 650 deg. C. 


Annealing Pan Consumption. 


With regard to annealing pans, he could not 
give accurate figures of weights of pans per ton 


Tig. 5. 


The bar (x 60 dias.) from which this section was cut 
was specially prepared in the laboratory to show 
the effect of shortened period of annealing. It is of 
normal analysis, and was taken quickly to 850 deg. 
C. and held 30 hours, afterwards cooling fairly 
rapidly. The original white iron structure has 
largely persisted. Cementite has been only partially 
taken into solution, and odd small areas of temper 
carbon produced. Fracture was quite steely, with 
small dots of temper carbon, and the material not 
commercially machinable. 


of castings. His remarks had been based largely 
on comparisons of the appearance of annealing 
pans, and of whiteheart furnaces against black- 
heart furnaces after being drawn. He believed 
that Mr. Hurren had given a figure of 12 cwts. 
for every ton of castings he had produced in the 
Rover Company’s foundry, but the figure was 
nothing like so big in blackheart work, 
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As to whether it was permissible to raise the 


temperature when the bulk of the temper carbon 
was precipitated, he said it was permissible, but 
he had run these furnaces up, holding them, on 
heating, at about 750 deg. C., and afterwards 


rising to full temperature, in order to allow a 


certain amount of temper carbon to precipitate 
itself at the lowest temperature, and to get the 
greatest amount of fine grain. But it was not 
only temper carbon that entered into the problem. 
When the higher temperature was reached, the 
ferrite structure would be affected, which would 
mitigate against high elongation. 


Influence of Sulphur. 


As to sulphur, the action of that on iron carbide 
was fairly well known. Sulphur tended to retain 
carbon in the combined condition. It was just 
as easy to take it out as to leave it in, and 
he had taken it out. In the whiteheart process he 
fully appreciated the significance of it, but in the 
case of blackheart its significance was altogether 
the opposite, and, consequently, the more he could 
get out the better, 


Annealing Temperature. 


The highest temperature was in the neighbour- 
hood of 850 deg. C. It could be raised to 900 
deg. C. fairly safely, but—and he ought to have 
mentioned this in the Paper—it was proportional 
somewhat to the total carbon content of the 
material. If that content were on the high side, 
a lower annealing temperature could be used, and 
vice versa. 


Packing Material. 


The proportions of annealing material were not 
by any means fixed. Assuming that the packing 
material showed signs of being on the oxidising 
side, he would more or less dilute its oxidising 
capabilities by adding material of a non-oxidising 
character, so as to keep it at all times as near 
a non-oxidising material as could be obtained— 
it never could be absolutely non-oxidising. 

Mr. H. O. Starter, though he claimed to be one 
of the first in London to interest himself in the 
production of malleable, said he had not produced 
it for ten years, during which time, no doubt, a 
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great deal of progress had been made. He had | 
always held the view that the electric furnace 
would be far superior to any other melting medium 
for malleable iron, The malleable iron business 
was one in which he was convinced science must 
march hand in hand with practice. There had 
been things which had absolutely puzzled the prac- 
tical man in connection with annealing and with 
melting. The test figure given by Mr. Melmoth 
had surprised and pleased him. Ten years ago 
he had prided himself upon producing a test piece 
with a tensile strength of 24 tons, and, he be- 
lieved, with an elongation of 4.7. Metallurgists 
would no doubt sav that the material was on the 
hard side. It was, but it was perfectly machinable. 
As to the construction of the oven used by Mr. 
Melmoth, he asked where the oven was fired from, 
and. where the dampers were situated. 

Mr. Mevmorn said, with regard to the ovens, 
there were two’ types, both fired from the end, 
with longitudinal flues and side ports. In both 
cases the ports were about 1 ft. above the level 
of the ground, and each port was dampered. The 
ovens had a firebox only. 


Cost of Blackheart. 


Mr. G. Bagsuawe asked if the cost of melting 
of malleable iron by the blackheart process in 
an electric furnace’ compared favourably with 
other forms of melting, and, if so, how many 
melts Mr. Melmoth must get from the same fur- 
nace per day, presumire he started from the cold 
in the morning, in the ordinary way. The pan 
costs were very high, and the fact that they were 
high in malleable iron production was frequently 
not recognised. The annealing temperature for 
blackheart malleable had been given by Mr. Mel- 
moth as about 90 deg. C.; he himself was under 
the impression that that was higher than the 
American annealing temperature, and very nearly 
approaching the English. If that were so, he 
could not quite see where the advantage was. 
American malleable was produced nearly 25 per 
cent. cheaper than English, and that was the 
secret of the success of malleable production in 
America. They were able to sell 4 tons where 
we were selling 3. A very considerable part of 
the 25 per cent. was due to the larger quantities 
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produced. “Would the electric process of melting, 
in Mr. Melmoth’s opinion, help to bring the English 
costs down to somewhere near the American costs, 
and thereby increase the production, in spite of 
the fact that we had very much smaller quantities 
to deal with? It was a difficult question, but it 
presented a possibility, not only to the malleable 
iron founder, but to everybody in the country 
who. used the product, such as, for instance, motor 
car manufacturers, who were probably the largest 
users in America at the present time. He believed 
that the American motor car manufacturers used 
more malleable than the railway people. In 
England, the quantity of malleable used for railway 
work was negligible. 

Mr. Mextmorn said that the number of heats 
taken per day out of a furnace, admittedly, must, 
practically speaking, control the cost of production 
of the material, and it had to be admitted from 
the beginning that enough must be demanded to 
_ keep a furnace in satisfactory working trim. His 
firm were rather preferentially situated. Their 
electric furnaces were melting steel, and could be 
turned over to malleable as and when required. 
Normally, they would perhaps take out three 
charges in an ordinary working day, and on that 
basis he failed to see why it should be expensive. 
His remarks in that connection, however, might 
be somewhat biassed, in view of the fact that the 
electric furnaces were used for both steel and mal- 
leable. The question as to whether the electric 
method of making blackheart malleable iron would 
enable the product to be sold at prices similar to 
those of the American product was one which would 
require a good deal of thought before it could be 
answered. His paper was not written with a view 
to suggesting that Britain could produce black- 
heart malleable more economically from the elec- 
tric furnace than from any other melting medium. 
He was not saying that it was not commercial, 
because it was; he was quite sure of that, but to 
suggest. that we were going to knock the bottom 
out of other people’s costs was absurd, and had 
never been hinted at. Mr. Bagshawe had answered 
his own question when he had said that the greater 
part of the difference between the American and 
English prices was due to the enormous outputs 
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attained in America. Bulk production was the 
method of producing cheaply, but a significant 
feature was that the Americans appeared to be 
developing a process of manufacture of blackheart 
malleable by what appeared to be an even more | 
complicated and expensive system—he would call 
it a triplex system. The Americans, who were 
some of the biggest malleable makers, were 
developing that process and apparently making 
ends meet, and yet they used a cupola, a con- 
verter, and an electric furnace; so that it appeared 
that the electric furnace was finding its way into 
the American blackheart malleable trade. With 
regard to Mr. Bagshawe’s remark that malleable 
was not used on the English railways at all, but 
that it was on the American railways, he asked 
whether that was due to the American malleable 
being more suitable for use on railways than the 
whiteheart. 


Pearlitic Cast Ircn. | 


Mr. Graves referred to a lecture delivered before 
the London Branch’ last session on pearlitic cast 
iron, in which it was stated definitely—if his re- 
collection was correct—that there was a marked 
tendency nowadays for pearlitic cast iron to take 
the place of malleable. The tensile strength of 
pearlitic cast iron was given as 24 tons per square 
inch, and, for the purpose of comparison, he asked 
Mr. Melmoth if he could give the tensile 
strengths of blackheart malleable castings. 

Mr. Mewmorn replied that whoever had made 
that statement had made a very wild one. Un- 
doubtedly, pearlitic cast iron had its own field, but 
he himself did not feel, although he was open to 
conviction, that pearlitic cast iron. would cause 
the malleable makers to sleep less soundly. After 
all said and done, no matter in how many frills 
it was wrapped, being cast iron, it had a portion 
of the defects which were inherent in cast iron; 
2.e., 1b could not, under any condition of manu- 
facture, possess the proper degree of ductility. 
It possessed a most unusual tensile strength, but 
it did not possess the normal toughness or elonga- 
tion properties of a good malleable iron. 


DAE 
Vote of Thanks. 


Masor Smauu, proposing a vote of thanks to Mr. 
Melmoth for his paper, said it had provoked a 
most interesting discussion, and he did not think 
anybody could have replied to criticisms in a more 
straight-forward a manner. What he had always 
found rather difficult to understand, however, was 
why we in this country should admit the fact that 
America beat us on costs and in many cases the, 
finished product. It seemed to him most extra- 
ordinary that this subject of mass production was 
so constantly raised, and that the whole of Great 
Britain, including skilled foundrymen, should 
sit down quietly and accept the position. Could 
not Britain produce anything in the foundry busi- 
ness and be first in the field in such a sphere of 
commerce? Finally, Major Small again thanked 
Mr. Melmoth for his paper and the discussion it 
had provoked. 

Mr. AsuweEtt, seconding the vote of thanks, also 
referred to pearlitic cast iron. He said his firm 
had experimented on.a similar type of iron. They 
had electrically heated a cold mould, had raised 
its temperature to a certain point, and poured 
ordinary cast iron into it. The mixture consisted 
of old gas stoves and other scrap, with 5 per cent. 
of pig-iron and silicon and phosphorus, and a satis- 
factory casting was produced. Recently he had 
been to Germany for six. weeks, and had brought 
back with him a sample of pearlitic cast iron made 
there. That casting, and the one already re- 
ferred to as having been made by his own firm, 
were subjected to certain tests, and the latter 
broke under the tensile test at a stress which was 
75 Ibs. higher than that at which the German cast- 
ing broke. Malleable iron originated in England, 
and it was thrown back on another country to 
produce as a commercial product, because our own 
country would not find the money, and the same 
thing was happening to-day. We could not find 
the money. to produce articles which originated 
from British brains, and there might be many pre- 
sent at that meeting whose forefathers had had to 
give their ideas away to other countries, whilst 
the latter had sold them back to this country at 
extravagant prices, 
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Mr. J. W. Garvom, who supported the resolu- 
‘ tion, said that, although he had a great respect 
for Mr. Hurren, as, indeed, had everybody else, he 
was quite wrong when he had said that malleable 
was going ot. He hoped Mr. Melmoth would go 
on, with his work and would give more information 
about it later. His criticisms that evening had 
been made solely for the purpose of creating dis- 
cussion and obtaining information. 

The vote of thanks was carried with enthusiasm. 

Mr. Mertmors acknowledged the vote of thanks 
and expressed his gratitude. He could not allow 
Major Small’s remarks to pass without comment. 
Major Small had asked repeatedly when English 
foundries were going to do something, but, with 
all respect, he would suggest that Major Small 
might read metallurgical history. He would then 
find that the steel trade, and no doubt the iron 
trade also, had been definitely in the forefront in 
doing things, although it must be admitted that 
the almighty dollar had been able to develop those 
things to a greater extent than had the more sub- 
dued English pound. That, however, did not alter 
the fact that the discoveries had been made in 
English foundries. In many cases the initial credit 
was due to this country. There was a lot in Mr. 
Ashwell’s statement that we could not get our pro- 
cesses financed. It was very difficult, particularly 
at the present time, for any firm in this country 
to finance any big scheme calling for a large out- 
lay, and it was not altogether in their hands. 
Whilst accepting the vote of thanks with very 
great gratitude, he thanked Mr. Gardom person- 
ally for his energetic contribution to the discussion. 
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Birmingham Branch. 
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MOULDING MACHINES. 


By E. Longden, Member. 


The advantages accruing from mechanical aids in 
the foundry are very considerable, although appli- 
cation is yery much more difficult than in the 
engineering departments. Considerable develop- 
ments have taken place over the last fifteen years 
in the application of moulding and core-making 
machinery in the production of castings. 

It is surprising what a large number of types 
of moulding machines there are in use in the chief 
manufacturing countries of the world. Also there 
are many founders who have built machines speci- 
ally to deal with certain repetition lines of work 
and over which no modern machine could excel. 
Some of these machines are quite unknown to the 
foundry trade generally. 

These keen competitive times compel the 
founder to keep down his costs of production to 
the lowest possible level, with the result that in 
many foundries, in spite of little business, com- 
paratively great strides are being made in the 
application of moulding machines. The lessons 
now being learned in lean times will not, most 
certainly, be lost when the volume of trade reaches 
a higher and more profitable level. So that when 
better times arrive still more and more machinery 
will be introduced; machinery which has been well 

proved during slack times. 

The introduction of moulding machines has been 
synchronous, in the writer’s own experience, with 
the improved working conditions in the foundry. 

-Jn spite of the natural ayersion of the moulder to 
mould-making machinery, really good progress has 
been made. Given an improvement in trade, the 
foundry business will do more than hold its own in 
improvements and the world’s work, and _ the 
extraordinary output and quality of costings which 
were turned out in pre-war days will be exceeded 
and excelled in the years to come when the full 


\ 


254 


effect of the introduction of mechanical appliances 
will have matured. Thus the decidedly better 
working conditions of the foundry worker, which 
every right-minded person must welcome, will be 
maintained and improved by these very machines 
which he so detests and, in many instances, 
hinders. 


CORRECT SHAPE WRONG SHAPE 
BN 
\ 


It is stated that the relative cheapness of 
machinery is due to the fact that the machines 
can be operated by semi-skilled workmen who can 
be quickly taught to manipulate them. Also that 
the skilled workman is opposed to the introduc- 
tion of machinery because he thinks his skill is 
less needed and that his earning capacity will be 
reduced. Also that the semi-skilled man when 
given a piece price endeavours to run his machine 
as much as possible and thereby earn more, 

This feeling was certainly evident some fifteen 
years back, but, to-day even the conservatism of 
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the moulder is less flagrant, due to better educa- 
tion and association with moulding machines, and 
nowadays it is possible by a reasonable application 
of tact to develop the machinery with his help. If 
the skilled moulder will operate the machines on 
which substantial moulds are made, to their 
fullest extent, helped by one or more labourers, 
exceedingly good results can be obtained. 
Without doubt the smaller repetition type of 
casting is more likely to be produced to its fullest 
capacity by the immediate introduction of the 


CORRECT 
DES/GN 


WRONG 
DESIGN 


semi-skilled worker. (Semi-skilled is used in 
opposition to the wrongly-used term unskilled.) 
After considerable experience in the control of 
moulders making very high-class castings, it can 
be definitely stated that there is now a very serious 
shortage of the really skilled moulder. With such 
conditions, if a machine is introduced which 
reduces the amount of moulder labour by 50 per 
cent., the need for moulders is reduced by 50 per 
cent. in that particular case. If in every direc- 
tion where machinery can be applied it is fully ex- 
ploited, the shortage of moulders, which will be 
very acute with an improvement in trade, will be 
materially helped, although machinery has its 
limitations in the foundry as in no other depart- 
ment because of the peculiar nature of founding 
which depends so much on the human element, 
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Mechanically, as in other matters, the foundry 
was severely neglected in pre-war days. The 
engineer contented himself by applying his talents 
to the improvement of the engineering depart- 
ments, so much so that to-day the need for the 
all-round mechanic is not very evident, There are 
very few machines in a modern engineering shop 
that cannot be quickly mastered in a few months’ 
time by a man of average intelligence. Having 
made such enormous strides in the machining 
operations, and consequently greater accuracy in 
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the machined casting, so that the work of the 
fitter, in a great many instances, has been reduced 
to a mere assembly of parts, the engineer turns 
questioningly to the foundry, and let us hope that 
he may accomplish in this department, even if 
only in a comparatively small way, improvement 
spurred by that which he has so splendidly done 
in the engineering departments. His attention 
and help is sought after and welcomed by the 
modern foundry foreman and manager who have, 
as a rule, quite enough to do to occupy their 
thoughts on general problems and practice. 

Many of the moulding machines have been 
invented by foundrymen, and the others only made 
practicable by his co-operation. 

Today there.is not a foundry, however small, 
which can afford to run without moulding and core- 
making machinery of some description, | 
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There are several well-known firms whose efforts 
are almost wholly employed in producing and im- 
proving moulding machinery. Developments are 
such that there is now no excuse for any founder 
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working without them. The future will experi- 
ence improyement not so much in design of 
moulding machine as in the general application of 
those machines as now developed. 

Moulding machines were at one time only em- 
ployed when producing large quantities of small 
repetition castings, but machines are now in 
regular use on which quite a variety of shapes can 
be made within the capacity of the machine, and 
with numbers off each piece which are not very 
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large. Really there is now no casting which is: 
made, however large, which cannot be helped at 
some stage of moulding by a certain type of 
machine. 


Early Work on Mechanical Moulding. 


The origin of the moulding machine dates back 
to somewhere about 1826, when an invention was 
prought out in the Harz district of Germany 
whereby castings could be quickly made by the use 
of a pattern plate. Two plates were made, one 
forming the top and the other the bottom impres- 
sion of the casting, so that when the two half- 
moulds were brought together, complete castings 
were produced. 

By 1851 the pattern plate assumed its present 
form, Fairburn and Hertherington were respon- 
sible for producing single plates which combined 


- the top and bottom halves of the pattern and were 
chiefly made of cast iron, but bronze and other 
metals were used. 

The improvement in production due to the intro- 
duction of the pattern plates can be ascribed to the 
elimination of the following operations, etc. :— 
Locating of pattern or patterns in the moulding 
box each time a mould is rammed up, and in 
arranging the patterns care is taken that all space 
in the moulding box is usefully filled; the making 
of odd sides and joints; cutting of runner, and 
sometimes riser gates because they are moulded 
into the pattern plate once and for all (and here 
much waste can be avoided, often due to the care- 
less and irregular way in which gits are cut and 
located); the pattern draw is more accurate, as 
correct guides are necessary, consequently much 
repairing of damaged moulds is avoided; better 
looking castings are secured which are truer to 
form and weight, enabling machining by the aid of 
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special jigs to be more frequently practised. Hand- 
moulded castings vary in weight from 5 to 15 per 
cent, 

Oddsides, or ramming blocks as Jobson used to 
term them, and matchplates are made from various 
materials such as :—Hard-rammed-polished-dry- 
sand, fireclay, oilsand, cement like Portland 
cement, a mixture of pitch and cement, gypsum 
cement or sulphate of lime, what is commonly 
known as plaster-of-paris, and the present metal 
matchplate which is the logical development. 

From the pattern plate, with its improved guide 
draw, the hand-ram mould machine, with its easily 
controlled mechanical draw, would suggest. itself 
to some and to others the combination of the re- 
volving pattern plate to save turning over of boxes 
by hand and waiting for crane. Although this 
latter combination constitutes one of the earliest 
types of machines which were invented by such 
men as Jobson and Woolnough and Dehne (the 
latter type being constructed and marketed by 
Samuelson & Company, Limited, Banbury), they 
constitute practice which is well worthy of note 
and continuation for making many lines of cast- 
ings in spite of the advance of power-driven 
moulding machines of late years. 

The early attempts to ram moulds mechanically 
would possibly be by the aid of pneumatic rammers 
guided by hand, 

Methods of jar-ramming sand moulds dates back 
probably 40 years, but the machines at that time 
were very crude indeed, and the principle or re- 
ciprocating motion was produced by cam action, 
belt. power drive, clutch, and fast-and-loose pulleys 
on the cam shaft, main driving shaft running over- 
head to supply a battery of machines. Patterns 
were stripped from the moulds on a_ separate 
machine with ropes running over sheave pulleys 
and balance weights to suit the weight of pat- 
terns and plates. About the year 1896 a combi- 
mation of pattern draw was introduced to work 
with the cam jolter, but still not a part of the 
jolter. The addition was a pneumatic cylinder 
fixed against the wall at the rear of the machine, 
the piston rod being fitted with a yoke and long 
arms, these arms came in contact with the under- 
side of a stripping plate and the upward movement 
of the piston in the cylinder raised the pypete 
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plate and mould, but the greatest load rarely ex- 
ceeded 1 cwt. Mr. J. B. Neesham, of Glasgow, 
was responsible for many of these early develop- 
ments. He was also responsible for the first rail- 
way axle box that was ever made on a jolt-ram 
machine, making it possible at that time to pro- 
duce from 40 to 50 axle box castings per day. 
Such a machine would be of great value, because 
at that time of day axle boxes were ordered at: 
the rate of 10,000 each order. 


Fie. 9.—Maxine a 12-1n. ELvBow Core. 


Mr. Neesham, who is a patternmaker by trade, 
obtained his first introduction to the jarring 
machine in April, 1893. (At that time such a 
machine was unknown in the British Isles.) At 
the age of 33 Mr. Neesham went out to America 
and commenced duties with S. Jarvis, Adams, of 
Pittsburg; this firm had purchased an invention 
for jar-ramming sand moulds. The machine was 
operated from an overhead shaft, on which were 
eccentrics and long rods extending to the foundry 
floor. By this means the table was lifted and 
bumped on a large block of oak. They next 
introduced the cam action, but the jarring table 
was still lifted by two arms fixed in a horizontal 
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position, and worked similar to the old-fashioned 
elve in a forge. Mr. Neesham resigned from §. 
Jarvis Adams to take the post vacated by Charlet. 
Herman, who was a locksmith by trade, but the 
real inventor of the pneumatic jar machine. Mr. 
Neesham describes him as being an extremely in- 
genious man. The old members of the Pneumatic 
Engineering Appliance Company bought the Eng- 
lish rights of the Herman pneumatic jar machine. 
The first small machine was then shipped to Eng- 
land, July, 1902. Mr. Neesham came over to Eng- 
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land and started up this first small jarring 
machine which was erected in the machine shop 
of Sexley and Farmers Signal Works, Chippen- 
ham, Wilts. Thus Mr. Neesham, after starting 
up the machine, made the first moulds made on 
the first jarring machine in this country. Mr. 
Neesham then took out a patent in the U.S.A., 
which was for the first combination of a mech- 
anical jar and pattern draw machine. A sketch 
of this first machine is shown in Fig. 8. Along 
with his brother, who helped him with the draw- 
ings, they sold the rights to a Pittsburg foundry. 

Mr. Neesham joined John Macdonald & Com- 
pany, of Glasgow, and has developed what is 
known as the Ajax series of jar-ram moulding 
machines, which weigh from 8 cwt. up to 10-tons. 
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Eventually there came along the ‘« Herman ”’ 
_ hand-jarring machine, with a drop pattern device — 

and movable impact block to allow the pattern to 
be lowered from the mould after jarring. Then 
we learn of the “‘Herman’’ pneumatic jolting 
machine, with a combination of a pattern draw 
device, the jarring cylinder contained within an 
outer casing and air pressure on both sides of 
piston, the jolt was dependent on the air pressure 
on the top of the piston to force it against the 
impact block. About 1901 we have again the 
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‘«« Herman ”’? pneumatic jolt ram turnover machine, 
and finally other makers with their larger and 
more fully developed machines which has resulted 
in the fine and large modern machines of the 
present day. 

Messrs. J. Macdonald & Son, Limited, of Glas- 
gow, are familiar to most foundrymen as being 
the principal British manufacturers of such 
machines. ‘These machines are built to jar up 
from a delicate name plate to an engine bed. The 
jarring method is the most applicable device in 
use to-day for the greatest variety of castings. 
The very large machines are built to jar a load of 
ten tons, turn the mould over and draw the pat- 
tern, with the very minimum of finishing. There 
always will be a little finishing by hand on all the 
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large machine-made. moulds, but the donkey work 
is done in a few minutes. 

‘To meet and help the jolt machine great atten- 
tion must be given to the patterns, they must be 
well made, of good, sound stability, perfect finish, 
and no back draft, at least “in. to the foot should 
be allowed. Patterns must be frequently var- 
nished with good shellac varnish, preferably made 
by the patternmaker himself from methylated 
spirits and not wood alcohol. Half the battle | 
and the greatest assistance to moulding machines 
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of whatever type is good and accurate patterns. 
Patterns of a medium size can be made in such 
a manner that they are in themselves in a sense a 
moulding machine. They can be divided up and 
shared between two or more moulders, each making 
his part for the final casting. 


Hydraulic Machines. 


Due to lack of time the author has been unable 
to trace properly the origin of the hydraulic: 
moulding machine, but they were in use probably 
25 years or more ago. The Bonvillain and Ron- 
ceray Moulding Machine Company, of Paris, are 
well-known makers of such machines. With light 
work quite remarkable results can be obtained. 
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There are moulding machines driven by elec. 
tricity, as represented by the Pneulec Machine 
Company, Limited, Smethwick (Electric Pneu- 
matic), patents, and the Scott’s, of Norwich (Elec- 
tric), patent. 

Within the last three or four years there has 
been a new development of a hand jolt-machine 
made by the Denbigh Engineering Company, 
Limited, of Tipton, ; ; 

Again, there is the sand slinger machine, made 
by the Foundry Plant & Machinery, Limited, 
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Glasgow. This machine, as the name implies, 
simply rams the sand. Quite heavy casting moulds 
can be rammed both in the floor and moulding 
boxes. There are many more types of moulding 
machines made by other well-known makers of 
foundry moulding machines and equipment. 


Centrifugal Casting. 

In pipe moulding there are various devices and 
modifications of moulding machines. Of course, 
the most modern pipe moulding or casting machine 
is the centrifugal casting process as practised by 
.the Stanton Ironworks Company, Limited. The 
Centrifugal Castings Company, Limited,. Scotland, 
also make some wonderful castings centrifugally. 
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In the hollow-ware foundries very few power - 
moulding machines are used, nor in the textile, 
stove grate or radiator foundries. In radiator 
foundries, it is thought, machines are employed 
for making the cores. During the Glasgow Con- 
ference period a visit was paid to a well-known 
company’s works. They produced in their foun- 
dries large quantities of stove grate, rain water 
and general builders’ castings, The writer does 
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not remember seeing more than about six power- 
moulding machines in the whole of their extensive 
foundries, two being sand slingers, the remainder 
being large jolt ram machines of German origin. 
This was very startling, because the foundries 
were very large and all castings of a purely repeti- 
tion nature, Castings were actually being made 
from loose patterns with considerable numbers on. 
They must be able to produce cheaply, otherwise 
the question of moulding machines would have 
been forced on them. The founder must decide 
which type of machine will suit the particular line 
of castings to be made. - 
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‘The withdrawal of the pattern will depend on 
the depth of pattern above the pattern plate. With 
fairly shallow patterns and plenty of taper the 
boxes are either lifted off by hand or the plate 
lowered away from mould. In this case there is 
always the ‘danger of breaking the edges of the 
mould and the sand falling away, and the box 
must be turned over. 

A better method is to turn the pattern over m 
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contact with the sand and box, and then either lift 
the pattern from the mould or lower the mould 
from pattern. Any loosened sand can then be 
easily pressed back into position. Such methods 
are very advisable with deep moulds. 


Stripping Plates. 


Turnover plates alone may not be suitable for 
deep, straight-sided or intricate moulds; in such 
cases various types of stripping plates are em- 
ployed to support and lift the sand from around 
the pattern. A simple stripping plate is some- 
times devised so that when the moulding box is 
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turned over and the plate withdrawn the strip 
plate falls with the box, carrying the sand with 
it right close to the pattern. In other cases a 
pattern is drawn through the stripper, and so on. 


Stripping plates are very often expensive. In- 
stead of copying exactly the shape of outline of 
the pattern the plate is sometimes made with an 
opening somewhat larger than the pattern around 


Fig. 16.—ANNEALING Pan MAKING. 
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which it is placed and a fusible metal poured into 
the space thus formed. Some wonderful and in- 
genious combinations of stripping plates are 
employed in the motor-car trade, 

Core-making machinery follows on very much 
the same lines as moulding machines. Also, there 
are machines on which can be made both round 
and square cores after the fashion of the sausages. 
The same type of cores can be made in tubes in 
short lengths rammed by hand, and are then 
ejected from the core box mechanically. 
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Jolt Machines. a 


The plain jar-ram machine eliminates hand 
ramming, the making of joints, and in many cases 
the cutting of runner gates, ete, Even with a 
plain’ jolt the time saved can be very considerable, 
as the time to ram sand moulds can exceéd 50 per 
cent. of the total time to make the complete 
mould. Large moulds can be rammed in about 
30 seconds. 


Fie. 17.—ANNEALING PAN MAKING. 
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A jarring turnover and pattern drawing machine 
goes much further and cuts out the labour of 
turning the box over by hand or crane and the 
drawing of. the pattern, which is done more 
steadily than by hand, with the consequent saving 
in repairs. 

Jar and stripping machines take a shorter cut 
to the complete mould. After jarring, the sand 
and box is stripped upwards from the pattern or 
the pattern is drawn downwards through the 
strip plate, whilst the jar squeeze and stripping 
machine cuts out also the flat ramming of the 
top of the sand after jolting. 
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The plain squeezer machine cuts out most of the 
hand ramming only, always remembering that 
there is the saving in all types of machines of the 
making of joints and cutting of gits, and, again, 
the more perfect pattern draw and lifts which 
reduces mould repair, as previously stated. 

There is an air-operated squeezer machine which 
is described as the sand straddler. It is mounted 
on wheels, the body having a wide span to enable 
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the machine to pass over or straddle the sand 
heap which is piled in long rows. As the moulds 
are made the machine is pushed forward, thereby 
avoiding the labour of carrying the completed 
moulds any distance. 

"It seems hardly necessary to explain what hap- 
pens when sand is jolted in a container like a 
moulding box. Each jolt of the machine can be 
equal to hundreds or even thousands of blows by 
the ordinary hand rammer. Frames are usually 
placed above the flask to provide sufficient sand 
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completely to fill the flask when ramming is com- 
plete. It is better to err on the side of feeding 
in too much sand! rather than too little. Some- 
‘times when jolting large moulds, especially the 
bottom part, sand is first fed in to reach a certain 
part of the pattern after jolting, incidentally 
allowing the moulder to tuck vital places; then 
sufficient sand is again piled in the box com- 
pletely to fill the box after jolting. Only in very 
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rare cases is it necessary to ram the mould in 
more than three stages. The moulder should help 
the sink of the sand by spreading the sand out- 
wards from the middle as jolting proceeds. If 
the contour of the pattern is such that there are 
no projections the ramming is ideal. But, as will 
be imagined, the sand during jolting will sink 
away under projections. To overcome this weak- 
ness in the ramming process various devices are 
adopted. In many cases a simple blocking and 
coring out under the projection is all that is 
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needed. In other cases blocks of wood are placed 
above these projections, and after jolting taken 
away to allow the soft places to be hand rammed. 
In certain cases a hole suitably shuttered can be 
arranged for in the side of the moulding box, so 
that after jolting difficult and undercut portions 
of the mould can be rammed by hand.. Oil sand 
cores can be made to form certain parts of a mould 
and inserted in the moulding box before filling in 
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the sand and jolting. Oil sand cores can also be 
located in the mould during the ramming up stage 
to form sturdy seatings or prints for receiving 
and holding heavy cores. Properly made oil sand 
cores will stand the jolting very well indeed. 
There are many other devices, but the above out- 
line will set the candidate for jolt ramming think- 
ing along the right lines. 

Care must be exercised when preparing facing 
sand. for jolt ram machines. The sand must 
posssess sufficient plasticity at the mould joint to 
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retain a perfect outline of the pattern; above the 
joint and over the remainder of the pattern it 
can be a little more open. The backing up sand 
is not so important, but it should have the pro- 
perty of cohesiveness. One advantage in favour 
of the jolt ram machine is concerned with the 
facing sand. When once the pattern is covered 
with facing and the backing sand filled in, the 
jolting action never disturbs the facing material, 
therefore there is.no possibility of the rough black 
backing sand getting in contact with the pattern. 


Fig. 21.—AnngEaLtInc Pan Maxine. 
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As facing sand entails considerable cost to bring it 
to the right condition, it can be used sparingly 
without fear of any part of the pattern becoming 
exposed to the rougher backing sand. 


Hydraulic Moulding Machines. ' 


The systems as practised by the Bonvillain and 
Ronceray Company for use on their hydraulic 
moulding machines seem to be developments of the 
early work of such men as Jobson and certain 
German and French inventors. It is thought 
they have either three or four patented systems. 
They teach the purchaser how to make match and 
pattern plates almost entirely by the moulder. 
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The system, termed ‘‘ The Reversing Pattern 
Plate,” used to be arranged something like the 
following: The ordinary wooden pattern is made 
to make a sand mould in the usual way, using a 
machined and correctly fitting two-part box with 
special pinning arrangement. After the top part 
has been taken off the two half boxes are placed 
together, joints upwards, the machined sides of 
the boxes securing exact alignment relative to the 
pattern or patterns in the moulding box. The two 
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parts are bolted together, a frame is placed on 
the two boxes and filled with plaster-of-paris, the 
resulting plaster pattern plate holding both halves 
of the pattern. Two sand impressions taken from 
such a plate and placed together will make a 
mould containing two castings, thus allowing pro- 
duction on one machine. It pays to adopt this 
method for numbers of 100 off each piece. 

For numbers of more than 100 it pays to make 
a more substantial pattern, so that a gypsum plate 
is made faced with a thin layer of white metal. 
To make such a plate a complete mould is made 
in the usual way, well smoothed and blackened to 
give a high polisb. Sand moulds are then made 
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from this sand mould, giving a reproduction of 
the pattern in sand. The face of the sand pattern 
is then carved all over to a depth of about } in. 
to + in. When the two sets of half boxes are 
placed together a hollow space is formed, into 
which a white metal is poured, thus giving a layer 
of about 4 to + in. of metal. The hollow metal 
pattern is placed in an iron frame and backed with 
Gypsum. Patterns are quickly and easily made. 

If the reversing pattern plate is considered 
cumbersome, two plates can be made, one having 
the top impression and the other the bottom im- 
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pression. In such a case it is usual to work on 
two machines. 

Many modifications of the above methods have 
been general in most districts for many years. 


Built-up Pattern Plates. 


The built-up pattern plate is a term which can 
be explained in two ways. One could describe a 
machined plate on which is built one or more 
patterns with runner gates as a built-up pattern 
plate, but the term is applied mostly to describe a 
plate made up of a number of small plates held 
together in a common frame. One or more of the 
plates can be taken out of the frame and replaced 
by others as desired. The small plates are about 
34 in, thick and made in the same manner as the 
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reversing plates as explained earlier. The follow- 
ing pictures and remarks will illustrate the making 
of various substantial castings on the ‘‘ Ajax ”’ 
jarring machines. 

Figs. 9 and 10 show the patterns and moulds of 
a 12-in, elbow pipe. Some of the moulds are cored. 
The half pattern is seen on the turnover table of 
the machine, a half-mould on the crane chains 
and a complete casting fronts the machine. The 
production is 12 castings per day. 

Fig. 11 gives a picture of the moulding of a 
large anchor, the half pattern of which is secured 
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to the turnover table of a No. 20 “ Ajax ”’ Jarring 
Turnover Machine. Fig. 12 shows a complete half 
mould resting on the mould carriage. The size of 
the moulding box is 6 ft. 9 in. x6 ft. 9 in. x19 in. 
deep on the one side and tapering down to 12 in. 
on the other. The output was three steel anchor 
castings per day. 

Figs. 13 and 14 show a 5 ft. sq. tank plate made 
on a No, 20 “‘ Ajax’? plain jar machine. Fig. 13 
depicts the bottom and top moulds. The top 
mould is proof that flat tops can be jar rammed 
with complete success. The boxes are 6 ft. 2 in. 
x 5 ft. 7 in. x 7 in. deep. The important point 


' to consider when jar ramming flat top parts is to 


have the bars the correct distance from the face 
of the plate and the bevel edge of the bars’ at the 
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correct angle. Fig. 14 shows the flange side of the 
casting. 

Fig. 15 describes a large mould for a crane base, 
the size of box is 9 ft. x 7 ft. 10 in. x 22 in. for 
the drag and the depth of the core box is 14 in. 
The machine used for these moulds is-a No. 24 
turnover machine, the size of the turnover table 
being 10 ft. x 7 ft. Such a machine is in use in a 
large foundry in the North of: England. 

The pictures from Fig. 16 to Fig. 21 give the 
method of moulding annealing pan castings, these 
castings being extensively used by the malleable 
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iron founders in the process of annealing castings. 
Fig. 16 shows the operator fillmg in the sand. The 
box is a permanent fixture on the machine table 
along with the pattern. The moulds are practi- 
cally boxless in a sense, the complete mould being 
contained inside a perforated sheet steel slip case 
without lugs or pins. Fig. 17 depicts the mould 
elevated, a cast iron bottom plate being tem- 
porarily clamped to the top. The handles of the 
bottom plate are bent to allow hand room for the 
two men who carry out and lower to the floor. 
The clamping device is a fixture to the permanent 
box. In Fig. 18 is seen the mould contained 
within the sheet steel shell being lowered away 
from the pattern which is located within the per- 
manent box. Note the perforations through the 
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sheet steel shell; they provide for venting the 
mould. Again, in Fig. 19 is shown two men earry- 
ing away a completed mould. Another mould is ' 
seen on the floor close to the machine. These 
moulds leave their own core, and in this picture 
the green-sand core is visible and a portion of the 
five-spray gate on the joint at the left of the 
photograph. Note the permanent box in an in- 
verted position on the machine table. Fig. 20 
shows the machine table tilted: and the operator 
blowing out any loose sand. The pattern is located 
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in the centre of the permanent box. In Fig. 21 is 
shown a row of moulds covered and in the process 
of being poured. The top parts are very shallow 
and are rammed by hand, the box resting on a flat 
plate fixed to two supports at a standard working 
height for the operator. The machines used are 
the No. 6 ‘‘ Ajax’ jarring turnover, and the out- 
put is 100 12-in. pans per day from each machine. 
This plant is in operation near Birmingham. 

A method of moulding the new British standard 
12-ton axle box has been previously described.* 

This method utilises two No. 6 jarring turnover 
machines working as one unit. The present actual 
output for the two machines is 50 complete axle 
box castings, or 100 half castings. Fig. 22 
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describes the latest introduction of the ‘‘ Ajax ” 
jarring machine. This machine is a size No. 1, 
with pattern drawing device. It is an all-round 
air and oil controlled machine; the draw is oil 
controlled and the moulding box adjustments are 
air, controlled, thus’ dispensing with the use of 
spanners and so saving time and energy. The 
machine accommodates about 10 different sizes of 
boxes. 

The views from Figs. 23 to 27 illustrate the 
operations when moulding :two large locomotive 
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axle boxes of the Australian type. The first photo- 
graph shows the two patterns on the pattern plate 
and fixed to the machine table. Fig. 24 shows the 
turnover table and mould elevated and ready for 
turning over. Fig. 25 shows the mould being 
turned over, the picture Fig, 26 with the mould 
and table completely inverted and Fig. 27 the 
patterns drawn from the mould. The size of the 
moulding box is 5 in. to 6 in. dia. x 24 in. deep. 
Two parts bolted together form the complete box. 
The castings are steel and made in a large steel 
foundry in the North of England. 

The next picture, Fig. 28, gives a view of a 
special plain jar machine for ramming long cast- 
ings; it is size No. 20. Such castings as flanged 
pipes, lamp-posts, etc,, are made on the machine. 
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This type of machine is operated either by electric 
power or pneumatic. 

Much of the improvement ascribed to moulding 
machines is due to the excellent provision of 
tackle. In many foundries, if tackle was made to 
suit the work made from loose patterns, improve- 
ment in quality and output would be noted, 
although falling far short of the output by modern 
moulding machines. é 

When making tackle for use on any type of 
machine the following sketches and hints are worth 
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considering. They apply more particularly to the 
jolt ram machine. 

Fig. 1 shows on the left side the correct way to 
shape a box bar; the right-hand side of the sketch 
describes the usual way in which bars are made, 
but it is the wrong way. By constructing the 
bars with a gradual taper, as seen in Sec. A, in- 
stead of like Sec. B, and the bar cut out instead 
of following the contour of the pattern, the sand 
during jolting will settle under the bars more 
easily, thus avoiding soft places. Fig. 2 gives a 
rectangular shape, and shows on the right-hand 
side the correct way to make the bar. By notch- 
ing the bar in the way described the sand is better 
accommodated. Again, in Fig. 3 is shown on the 
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left of the sketch the correct design of the bar, and 
on the right the wrong design, especially when it 
is desired to lift out cods of sand which have metal 
on the face of them. Fig, 4 shows by dotted lines 
the way such a bar should be made. Very often it 
is inconvenient to have snugs and trunnions on 
the same box. In certain cases the combination 
of trunnion with pin hole, as described in Fig. 7, 
is very useful. 

In foundries making heavy castings much labour 
and time can be saved by making one or more 
cast-iron plates machined and lined in ft. sqs., 
as described in Fig. 5. In many instances, as 
when making large flywheels up to 15 tons, only 
one-half pattern need be made, which is correctly 
dowelled on the plate. Quite a variety of heavy 
castings can be made in this way. When one con- 
siders a large moulding box and the labour of 
lifting sand and other materials to a considerable 
height, the utility of the plate will become evident. 
By correctly dowelling on the plate each half mould 
can be rammed up separately at a convenient 
height from the floor. Fig. 6 is a sketch of a bar 
templet for drilling pin and dowel holes in such 
plates and boxes. The cups B can be adjusted for 
various sizes of boxes, etc. 
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METALLURGICAL COKE. 


By A. Jackson, Associate Member. 


The first coke manufacturers followed the methods 
of the old charcoal-burners—that is to say, coal was 
first carbonised in large open piles or heaps. Air 
was allowed free access during the early stage of 
the process, and gradually cut off by blocking up. 
the airholes with breeze as the carbonisation pro- 
ceeded. These heaps were rectangular in shape, 
and sometimes attained a length of 200 ft. To 
build up the heap a line was first stretched in 
the direction of the axis, and large pieces of coal 
placed on either side of it. Other large pieces 
are placed so that, by coming together at the 
top, they formed a triangular gallerv running the 
whole length of the heap. The heap would then 
be built up with smaller coal until it attained a 
width of about 5 ft. at either side of the central 
channel. In order to light the heap stakes were 
placed at regular intervals, running from the top 
of the heap into the central channel. This left 
a series of chimneys, into which burning coal 
was introduced, so that the pile is fired at many 
points at the same time; ignition becomes 
general, and coking commences through its 
whole extent. The man in charge has now to 
prevent the action from going too far, and as soon 
as he observes that thick smoke and flames have 
ceased to be evolved in any part—in other words, 
as soon as he sees that the volatile matter has 
been driven off—he prevents the entrance of air 
at that point by covering it with a coating of 
breeze. After complete carbonisation, the heap 
would be allowed to cool for several days, the 
coke then withdrawn and quenched with water. 
This method was obviously wasteful; not only 
were the by-products lost, but some of the coal 
was burnt to ash, and ultimately the process 
gave way to beehive coking. 
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Beehive Coking. — 
The .cavity of the beehive oven, which is about 
9 ft. in diameter and 3 ft. 6 in. high, is internally | 
lined with firebricks, well-jointed in refractory 
clay. The form resembles that of a beehive, 
hence its name. At the top of the dome is a 
circular aperture or chimney, which can be closed 
by means of an iron plate. A slightly arched 
doorway about 2} ft. square is also left for the 
purpose of charging the oven and withdrawing 
the coke. This opening is strengthened by a 
heavy cast-iron frame. An oven of this type 
would take a charge of about 3 tons of coal, 
which is either introduced through the door. as 
stated, or, in some cases, through a hole in the 
top of the oven. The oven is charged whilst hot, 
that is to say, immediately after the withdrawal 
of the previous charge, so that the coal imme 
diately begins to give off its volatile matter, 
which escapes through an aperture in the dome. 
After charging, the door is closed by means of 
firebricks loosely piled, so that a limited amount of 
air enters the oven. This ignites the gases, and 
the temperature of the oven and contents rapidly 
rise. After about three hours the air supply is 
gradually cut off. In about forty-eight hours 
from the time of charging, the coking period will 
be over, and the oven cooled down sufficiently for 
drawing. For this purpose, a large iron shovel 
is used, suspended by a piece of chain from a 
crane, and this allows the workman to handle 
large quantities with comparative ease. The coke 
is thinly distrituted on the floor, quenched, 
and wheeled away in iron barrows. In some cases 
the coke is quenched inside the oven by 
means of spraying water under pressure. Care 
must be taken not to reduce the temperature of 
the oyen so much that it cannot ignite the suc- 
ceeding charge. 


Quenching and Sulphur Content. 


This method of quenching is said to reduce the 
sulphur content of the coke, the decomposition 
of the water carrying off some of the sulphur as 
sulphuretted hydrogen. It is also claimed that, 
as the water is immediately converted into 
vapour, it has no bad effect upon the open walls. 
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The quenching of coke in a non-oxidising atmo- 
sphere has the effect of producing a eee 
coke, more silvery in appearance. In the beehive 
coking, carbonisation proceeds from the top 
downwards—the thicker the charge the longer 
the coking period—so that, by regulating the 
depth of the charge, the coking period may also 
be regulated. Coke made on a small charge, 
known in America as twenty-four-hour coke, con- 
tains a higher percentage of ash, by reason of. 
the fact that the carbon at the top will be burnt 
away. Also, the bottom will be spongy, and will 
retain some of its volatile matter because of the 
relative low temperature at the bottom of the 
oven. The demand, therefore, so far as Bee 
hive coke is concerned, is for a material made ona 
deeper charge. In such coke the percentage of 
tops and bottoms is not unduly high, and forty- 
eight- to seventy-two-hour coke will fetch a higher 
price for foundry work. From what has been 
said it will be seen that the fracture of Beehive 
coke depends on the depth of the charge; the 
pieces may be as long as the charge is deep. In 
by-product coke, where carbonisation takes place 
from the sides, forming a pipe in the centre of 
the coke mass, the maximum size of coke must 
be less than half the width of the oven. The 
Beehive ovens were also wasteful by reason of the 
loss of the valuable by-products, and, as far as 
Europe is concerned, have almost become extinct. 
In America, where the by-product ovens were 
intreduced later than in Europe, the Beehive 
ovens lingered on for some time, but are now 
rapidly giving way to the modern method. So 
that, although the by-product oven was not intro- 
duced into America until 1892, during the year 
1913 some twelve million tons, or a quarter of 
the total supply of metallurgical coke for that 
year, was produced in by-product ovens. 


Coking Coal. 


Good quality metallurgical coke calls for a 
special type of coal. Coking coal belongs to the 
bituminous or semi-bituminous variety. Gruner’s 
classification of coals is based upon their 
coking properties. The volatile contents of coal 
is not an infallible guide as to its coking pro- 
perties. S. Wales coal, with volatile matter as 
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low as 15 per cent., yields a good coke, whilst 
other coals having a content of 40 per cent. will 
not coke at all. The position, therefore, so far 
as the volatile matter of coal is concerned, is 
qualitative rather than quantitative, and_ is 
attendant upon the nature of the volatile matter. 
‘Until recently very little was known as to the 
cause of coking properties in coal. Stokes and 
Wheeler, in their monograph on the constitution 
of coal (1918), have collected the available 
data, and have themselves made original contri- 
butions to a solution of this problem, and it 
would now appear definitely that the coking 
properties are due to certain resinous con- 
stituents of coal. These resinous constituents 
undergo a period of incipient fusion, or soften- 
ing, and act as a binding, agent, so that the 
fragments coalesce and yield a compact coke. 
The presence or absence of these resinous com- 
pounds, therefore, determine whether the coal is 
coking or non-coking, and determine the strength, 
hardness, and density of the resultant coke. Coal 
is a most intractable substance in the laboratory. 
It is insoluble, and resists many re-agents, and 
except by the process of destructive distillation 
does not readily lend itself to examination. 
However, by the aid of certain solvents it has 
been possible to separate the resinous compounds 
from the coal, and it has been proved conclu- 
sively that coking coals, after treatment with 
these solvents, either would not yield coke, or 
yielded coke of very indifferent quality. For 
some purposes, it would be possible to classify the 
volatile matter of coal under two general 
headings, viz., humus and resinous. Probably 
a number of bodies, varying little in com- 
position, whose exact composition, indeed, is 
probably unknown, would be placed under each 
heading. All would contain carbon, hydrogen, 
and oxygen, the humus bodies having the higher 
oxygen content. That is why in two coals of 
almost identical composition one will coke and 
the other will not. It has been stated that the 
resinous bodies produce coke owing to the fact 
that they leave behind a pitch which binds the 
coke. The humus bodies will not coke owing to 
their low pitch-forming nature. If the humus 
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bodies are in excess, it gives a non-coking coal; 
if the resinous bodies predominate, it gives a 
coking coal. The humus bodies contain a heat 
value below the average; if, therefore, the heat 
value of a coal as ascertained by the calorimeter 
falls below the calculated value, as calculated from, 
say, Dulong’s formule, it is certain that the 
humus bodies contain a greater percentage of 
oxygen. This is shown by the analysis of the 
three following coals, figures calculated out upon 
an ash and moisture free basis :— 


Taste I.—Composition and Coking Properties 


of Coal, 
No. 1. No. 2. No. 3. 
Non-Coking Semi-Coking. Coking. 
Carbon 82.65 83.16 85.41 
jets | 5)545) 5.18 5.36 
O. 10.10 8.98 G22 


The coking properties of these coals as shown by 
the sand test were in the following ratios: —No. 1, 
3,9; No. 2, 4.4; and No. 3, 13.5 per cent. 

The relationship of the oxygen to hydrogen was 


as follows :— 
No.. 1; No. 2. No. 3 


Oxygen ... ay LOL LO 8.98 7.22 
Hydrogen ... Sopa eRe) 5.48 5.86 
Excess oxygen ... 4.55 3.50 1.86 


It will be seen, therefore, that as the excess 
oxygen increases the coking properties fall, because 
the humus bodies get more and more in excess. 
The same result occurs if for any reason coal takes 
up oxygen from the atmosphere. During a recent 
coal strike, when it became necessary to use up 
stocks which hhad been weathered for long periods, 
it was noticed that ithe coking power of the coal 
had been seriously impaired. Ash is another 
important factor in selecting a coal for coking 
purposes. 

Ash and Sulphur Content. 


Professor Kendall, during a discussion at the 
British Association, pointed out that there are 
three sources of ash in coal:—(1) The mineral con- 
stituents of the plant forming the coal; (2) 
detrital matter blown or washed into the deposit ; 
(3) later infiltered veins. The whole of the ash 
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in the coal carbonised remains in the coke, so 
that in order to keep the ash content of coke below 
10 per cent., and assuming a coke yield of 70 per 
cent., the ash in the coal must not exceed 7 per 
cent. The whole of the phosphorus remains in the 
ash, so that the quantity is not reduced during 

carbonisation. A certain amount of sulphur is 
lost during the carbonisation process, passing off 
with the gas in the form of sulphuretted hydrogen, 
carbon bisulphide, etc. The distribution of sulphur 
during carbonisation was compiled by Short in 
1907, working on a Durham coking coal having a 
sulphur. content of 0.824 per cent. The results 
showed a loss in sulphur, so far as coke is con- 
cerned, of about 27 per cent, which, though it may 
not be strictly true for all coals, it is in line with 
personal experience. Working on a washed 
‘¢ Better Bed’’ coal with about 0.45 per cent. 
sulphur, and coke yield of 70 per cent., the coke 
will show a slightly higher percentage of sulphur 
than the original coal, say 0.50 per cent. 


Coal Washing. 


Coal is washed before coking in order to reduce 
the shale and dirt present, and this enables fine 
coal, too small for hand picking to be used. Coal 
washeries are based upon the principle that bodies 
of different specific gravities attain different veloci- 
ties in falling through any media—in this case, in 
falling through water; the specific gravity of the 
coal being about 1.3 and that of the shale about 
2.3. The impurities, therefore, sink first, and thus 
we get two layers, one of dirt, the top layer of 
pure coal. This top layer is carried away by the 
flow of water, and afterwards stamped and caked. 
It has been proved repeatedly that by crushing 
coal finely a far superior coke can’ be produced 
than by charging the same coal uncrushed. 


By-product Ovens. 


The distinguishing features of the by-product 
oven are, primarily, the recovery of the products 
of distillation, and, secondly, the external heating 
of the coal, the gaseous products being drawn out 
of the oven into flues, where they receive the air 
necessary for combustion, and thus produce the 
heat necessary for the carbonisation process. This, 
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of course, increases the yield of coke because none 


of the coal in the oven is burnt to ash as in the 
older methods. 

In 1861 Coppée roeraked an oven which was 
heated externally, and from which all air was, 
excluded. In 1856 Knab and Carves produced 
apparatus for the recovery of tar and ammonia. 
These were first operated in France, and. later 
introduced into England by Simon. ‘There are 
many makes of ovens on the market, but most of 
them follow to some extent the original oven of 
Coppée and the Simon Carves oven. These ovens 
may be divided broadly into two classes, viz., the 
waste heat and the regenerative oven. In the 
former cold air is used for combustion. The air 
supply is obtained by means of the chimney draft 
being drawn into the flues from the atmosphere. 
In the regenerative oven the air is heated before 
combustion; the ‘waste gases, after combustion 
being used to heat chequered brickwork placed 
beneath the ovens. The hot gases formed in the 
flues heat up the chequered brickwork to their 
own temperature, so that the hot products of com. 
bustion are reduced from about 1,150 deg. C. to 
300 deg. C. before they pass into the chimney. 
An arrangement is provided whereby the fresh 
incoming air is conducted through the ‘hot 
regenerator chamber before being used for com- 
bustion whilst the first regenerator is being re- 
heated by the waste gases. This process is 
reversed every half-hour. In the waste heat ovens 
85 to 100 per cent. of the gas produced is neces- 
sary to heat the ovens. This waste gas is, of 
course, incombustible, but contains considerable 
heat, and may be put to some use if used imme- 
diately and in the vicinity of its origin. It cannot 
be stored, and loses its heat quickly. Regenerative 
ovens only require about 50 per cent. of the avail- 
able gas for heating the ovens, the other 50 per 
cent. remains for other purposes. It is combustible, 
can be conveyed any distance, and can be stored 
without deterioration. In Durham much of the 
coal is charged into the top of the oven. The coal 
comes. from the washer, and is allowed to drain 
several days after crushing, and finally enters the. 
oven with from 4 to 6 per cent. moisture. In 
Yorkshire the coal is compressed into a cake, and 
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pushed into the oven through the door usually by 
means of a combined coal-compressing and charg- 
ing machine. 

"This machine carries a box fitted with a movable 
side and a movable bottom of the same size and 
shape as the interior of the oven. The washed and 
erushed coal is dropped into this box layer by 
layer. It is then firmly compressed by means of 
an automatic stamper, which travels backwards | 
and forwards throughout the entire length of the 
box. In order to cake properly, the coal should 
contain about 10 per cent. moisture. When made, 
the cake is conveyed-on the machine opposite the 
oven to be charged, the oven door drawn up and 
the cake pushed into the oven by means of a ram. 
This ram also serves for dischanging the ovens, 
_ pushing out the coke on to benches situated at 
the opposite side of the battery. With uncom- 
pressed coal the average carbonising capacity is 
6 tons per oven per 26 or 28 hours, and with com- 
pressed coal from 35 to 37 hours, for about 10 tons 
of coal. In order to facilitate the discharge of 
the coke, the ovens are built with a slight taper, 
being usually about half an inch wider at the dis- 
charging or coke bench side than at the charging 
side. After pushing, the coke is quenched by 
means of a quenching hood. 


Physical Tests of Coke. 

The chief characteristics demanded from metal- 
lurgical coke are:—(1) Sufficient strength to with- 
stand the burden in furnace or cupola and to with- 
stand crushing strain ; (2) a certain degree of hard- 
ness to allow of handing without undergoing frag- 
mentation; (3) a certain degree of porosity in 
order that the coke will expose a maximum surface 
to the gases in the furnace; (4) an ash content 
not exceeding 10 per cent.; and (5) sulphur and 
phosphorus not to exceed 1.0 and 0.05 per cent, 
respectively. 

It is to be regretted that physical tests for coke 
have not been standardised, although to some 
extent the methods employed are general. The 
apparatus used varies considerably. 

Coke for cupola and crucible purposes calls for 
physical properties varying in degree from blast- 
furnace cokes, and we suggest that a useful line 


appear to 


methods of making the physical test 
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THE PRODUCTION OF DIESEL ENGINE CASTINGS 
IN PEARLITIC CAST IRON 


. By A. J. Richman, Associate Member. 


Cast iron, having a maximum pearlitic structure, 
has always been looked upon as the ideal for 
castings, having to withstand heavy duty, such 
as! wear, heat, or impact. In the past some thou- 
sands of tons have been produced under ordinary 
foundry conditions ‘with an analysis within the 

“limits of 1.2 to 1.4 Si; 0.6 to 1.0 P; 0.8 to 1.0 
Mn; and 3.4 to 3.5 T.C. 

For steam engine practice this class of iron gave 
good results as regards wear and physical test. 
The Admiralty transverse test of 30 cwts. on a 
2 by 1 by 36 in. bar and 12 tons per square inch 
tensile could be obtained without much trouble. 
With the advent of the internal combustion 
engine, engineering firms turning over from steam 
engine to Diesel engine manufacture experienced a 
great deal of trouble from cracked cylinder heads, 
growth and distortion of pistons and cylinder 
liners. 

It was found that the percentage of total carbon, 
silicon, and phosphorus must be kept as low as 
possible—the phosphorus most particularly, as, if 
the T.C. and Si were right and the phosphorus 
were high, the castings would not last long under 
repeated impact of an explosive engine, This 
experience caused research workers to look for a 
high duty iron that would stand up to the severe 
conditions. 

Semi-steel was about the first high duty iron 
that came along to claim its superiority over all 
others. This was supposed to have originated in 
America, but has been proved otherwise by Turner. 
The use of steel in the manufacture of 
semi-steel was more for the lowering of T.C. and 
its effect on the condition of the graphite more 
than anything else. 
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Lanz Perlit. 


More recently foundrymen have heard of Lanz 
Pearlitic cast iron. In the Lanz process it is 
claimed that by preheating the mould previous 
to or after casting, an iron can be used lower in 
T.C., P, and Si than in ordinary cold-mould prac- 
tice. It is further claimed that the resulting 
iron is superior in most respects to ordinary cast 
Iron. One can readily understand that by pre- 
heating a mould an iron can be used lower jn Si 


Fig. 1.—Lanz x 500° Dias. 


and T.C, than would be possible in cold mould 
practice. 

Together with the mould at a certain tempera- 
ture, the iron must be of a definite composition 
to suit a casting of a certain thickness. It is 
claimed that this iron, when cast into a cold.mould, 
gives a white fracture. The physical properties 
claimed for this iron are very high, and castings 
have the same structure in thick and thin sec- 
tions alike; this fact is claimed to eliminate prac- 
tically all wasters other than purely foundry 
wasters due to faulty moulds or cores 

The actual analysis of Lanz iron we know very 
little of. One hears of Si well under 1.0 per cent, 
and T.C. 2.8 per cent., with phosphorus. not above 
0.1 per cent. If this is correct, it will be very 
interesting to hear how 2.8 T.C, can be produced 
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at will from the cupola. It looks more like an air 
furnace iron for steel works rolls. 


The Thyssen-Emmel Process. 

Another process of producing a maximum 
Pearlitic iron is the Thyssen-Emmel process. Here, 
again, we know very little about it, other than 
‘its wonderful qualities. From a foundryman’s 
point of view, if the claims are anything to go by, 
this method appeals to one, perhaps, more than 
the Lanz method, owing to the composition of 
‘the iron, except the T.C., being more in line 
with the irons used in most foundries. 

From a test and analysis report on some. Thyssen- 
Emmel iron by the Yorkshire Testing Works, 
the analysis is given as T.C. 2.64, C:G..83; S1-2,14; 
S .159, P .25, Mn 1.37, which gave a tensile 
of 26.79 tons per square inch and 1 per cent. 
elongation, and a transverse test of a round bar 
gave a result equivalent to 45 cwts, on a 2 by 1 
by 86 in. The test bar gave a Brinell hardness 
of 255. As to the analysis, the T.C, content is 
very low: it is the process of producing a low 
T.G, iron that is the secret of the patent. Most 
remarkable is the high silicon content; this is 
where it differs so much from the Lanz iron. The 
physical tests are exceptionally good, and are far 
above that claimed for Lanz iron. The Brinell 
number seems very high, and the author feels sure 
if foundrymen made castings as hard as 255 
Brinell they would have the machine shop people 
complaining, as the author has found that 230 
to 235 about the limit. 


Basic Principles. / 


Definitely, to understand what pearlitic cast 
iron really is, one must closely examine what 
actually takes place when molten irons solidifies. 
Cast iron cannot be said to have a solidification 
point, but a range in which the different consti- 
tuents solidify out. The analysis, mass effect, latent 
heat, and rate of cooling, all govern the length 
of the range. The lower the percentage of 
impurities in cast iron the shorter the range, 
and higher the temperature at which solidification 
commences. 

At about 1240 deg. C. cast iron commences to 
solidify, and, just immediately afterwards, the 
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iron carbide, which is not very stable in the solid 
form at high temperatures, starts to split up, 
forming primary graphite and ferrite, the latter 
depending on the composition of the iron. 

The amount of graphite tnrown out of solution 
depends on the amount of carbon, silicon, phos- 
phorus, manganese, sulphur, and rate of cooling, 
the first two constituents and the last condition 
having the greater effect. 

The rate of cooling is governed by the size and 
thickness of the gasting. casting temperature, 
temperature of the mould, the latent heat of the 
iron employed, and the conductivity of the sand. 
Cooling continues down to about, 940 deg. C. when 
the phosphide eutectic solidifies, This point is 
the end of the solidification range. The amount 
and condition of the phosphide present is 
governed by the amount of phosphorus in the 
iron and the rate of cooling. Being the last 
constituent to solidify out, it naturally tends to 
segregate into patches, but if the percentage is 
low and the existing conditions favourable, it 
forms into a meshwork formation around the 
crystal boundaries of the iron. To obtain this 
desired condition, the rate of cooling must not 
be too slow. Secondary graphite still continues 
to be formed right down to about 750 to 700 deg. 
C., but cannot grow very large owing to the 
materia] being completely solid. 

The remainder of the carbon in the iron that 
has not been thrown out as graphitic carbon, 
and is still combined with the iron, is left as 
pearlite, This pearlite consists of alternate layers 
of ferrite (almost pure iron), and cementite, 
which is iron carbide in the proportion of 7 of 
ferrite to 1 of cementite, the whole having about 
0.9 per cent. carbon unless other elements are 
present to affect this, 

Tt can be readily seen from the foregoing facts 
that quite a number of changes in the ultimate 
structure of the iron can be made by slight 
_variations of analysis and rate of cooling. 
Advantage is taken of this fact in the production 
of pearlitic cast iron. Pearlite and graphite are 
very closely associated with each other in cast 
iron; often in poor iron there is a layer of silicon- 
ferrite separating them, but under specially con- 
trolled conditions it is possible to obtain a wholly 
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graphite and pearlitic structure without any free 
ferrite being present. This can only be accom- 
plished by working, to very fine limits as regards 
the actual analysis of the cupola mixture, melting 
losses, the conditions during the passage of the 
iron through the cupola the ultimate” analysis 
and the rate of cooling through the critical stage, 
for a certain mass and size casting to be prot 
duced. The mass having a very large effect on 
the ultimate structure, it is claimed in the 


Fic. 2.—Cast-Iron Liner x 500. 


Thyssen-Emmel process that, no matter what mass 
is cooled, it is pearlitic. 


Superheated Iron for Heating Moulds. _ 
The effect obtained by pre-heating the mould 
by the Lanz process can also be obtained by casting 
at a very high temperature into a warm, mould; 
the mould being warm avoids a sudden chilling 

action of the metal when entering the mould. 
The pearlite formed can be of a. coarsely- 
laminated nature, or a fine unlaminated con- 
dition, depending again mostly on the Si content 
and rate of cooling. Sorbite is the name given to 
this unlaminated pearlite, and not able to be 
resolved at the highest magnifications, and is the 
most desirable. condition in cast iron when accom- 
panied with small, fine, curly graphite. "To obtain 
this ideal structure, an iron having a very low 
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Si, P, and T.C. content must be used. Owing 
to the effect of the other constituents of cast 
iron and the rate of cooling on the condition of 
the carbon, total carbon should not be above 
3.2 per cent., or large, straight flake graphite’ is 
likely to be formed. Phosphorus should not be 
above 0.3 per cent., preferably under 0.2 per 
cent., owing to its tendency to segregate. 

Casting with a high percentage of superheat 
and the subsequent fairly slow cooling through the 
critical stage, even a small percentage of phos- 
phorus is likely to segregate. When this happens, 
the resulting iron does not give such high 
physical tests as when the phosphide is in the most 
desirable fine meshwork formation. Moderately- 
high manganese is desirable, but not essential, 
as long as there is enough present to look after 
the sulphur, and help the stability of the pearlite, 
as the effect of the manganese remains to help to 
hold the carbon in the combined state. Sulphur 
is usually fairly high in low-Si irons, but this 
fact does not seem to have any detr imental effect 
on pearlitic cast iron up to about 0.13 per cent. 
Seeing that casting very hot is an essential con- 
dition in the production of pearlitic cast iron, 
it may account somewhat for the latter fact. 


Internal Combustion Engines. 


When investigating the physical properties of 
east iron suitable for internal-combustion engine 
castings, one must consider the conditions to which 
the castings are subjected. The three most 
important conditions are:—(1) High tempera- 
tures; (2) repeated impact; and (3) hard wear. 

Discussions upon the resistance of cast iron to 
high temperatures should take into consideration 
the cause of growth. The most potent cause 
of growth in cast iron is usually owing to the 
presence of large graphite flakes in the free 
ferrite of the metal structure. Free ferrite, which 
is silicide of iron in solution, when present in 
cast iron is in the vicinity of the graphite, and the 
hot gases burn out the graphite, and ‘so access 
is made to the free ferrite, which is attacked 
and oxidised into silica and iron oxide. Owing 
to these substances having a larger volume than 
the substance from which it was formed, femal 
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cracks are formed, the sides of the cracks opening 
slightly, and so growth is made. 

In conjunction with high temperatures existing 
in an internal combustion engine, the repeated 
impact of the explosion calls for a tough, strong 
iron. The two chief weakeners of cast iron are 
graphite and phosphide, the graphite being a non- 
metallic substance, filling up small cavities. The 
phosphide when in large percentages forms into 
patches, which are very brittle, and so lowers the 
resistance to impact. 

An iron which has to stand up to hard wear 
must be free from large flake graphite and any 
substance of a soft nature in its structure, such 
as free ferrite, silicon ferrite being the softest 
constituent of cast iron 

This sums up the points to be avoided in iron 
suitable for internal combustion engine castings. 
This leaves us with pearlitic cast iron as haying 
none of the defects stated previously, and which 
is at the present time the best iron for high 
duty work, 


Inherent Difficulties. 


To produce a suitable iron from the cupola and 
repeat the result from day to day, and often 
have to vary the mixture during the same day’s 
blow, for different thicknesses of castings, brings 
one up against a certain number of difficulties. 

Take the T.C. content with low-Si and phos- 
phorus, the tendency is to absorb carbon, and 
very often hematite iron has to be used to obtain 
the low-phosphorous content. Hematite iron is 
usually high in T.C., in fact all the conditions 
are favourable to carbon absorption. Another 
difficulty which all foundrymen will readily appre- 
ciate is repeating the same analysis from day to 
day. 

To obtain consistent results it is essential to 
keep the analysis within fairly fine limits. Small 
variations in Si when the Si content is under 
1.0 per cent. and T.C. when in the region of 
3.1 per cent. to 3.2 per cent. make a very. large 
difference to the resulting iron. Ordinary 
foundry pig-irons can be used as a basis for 
making up the mixture. By ordinary pig-irons 
is meant pig-irons other than special irons, semi- 
cold blast or cold blast irons, costing under £6 
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per ton. This point is very important as special 
pig-irons are high priced. 


Steel Additions. 


The economic situation in the engineering 
trade to-day calls for a good class casting at as 
low a price as possible. A point here that is 
of importance—often it is cheaper to buy with 
an analysis than ‘ to’’ an analysis, 

The drawback with all ordinary pig-irons to- 
day is the high T.C. content; one hears of this, 
trouble on all sides. The cause of this is perhaps 
the unremunerative state of the pig-iron trade, 
which tends to the forcing of the blast furnaces 
to produce quantity instead of quality. To 
counteract the high T.C. and reduce the Si., raw 
steel additions are made in the mixture which 
lowers the carbon content within the limits 
required, this latter depending on the cupola 
conditions. 

Very often one hears that the use of steel is 
condemned because it does not give consistent 
results. The Author’s experience is that it gives 
consistent results if the cupola practice ig con- 
sistent. The reasons for using steel are as 
follows:—Cheapness; slight reduction of T.C.; 
and its beneficial effect on size and shape of the 
graphite. 


Melting Conditions. 


When using steel in the cupola, the blast pres- 
sure and volume are very important, especially 
the latter. Low pressure with big volume is the 
best practice, and these should be kept constant 
all through the blow. 

The Author uses a 30 in. cupola for the cylinder 
iron and blow 8 oz. pressure with a volume of 
24 cub. ft. per see., and a coke consumption of 
8 to 1, the weight of the charge being 7 cwt. 
The metal should not be tapped out in small 
quantities, but as far as possible 2, 3 or 4 
charges should be tapped at one time. All of 
these small details make for consistent results. 

Some foundries run down a steel mixture into 
a pig bed, and then use this in the charge as a 
hardener. Both methods have been tried over 
long periods, but using steel direct into the 
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charge gives the best results, The second’ melt- 
ing gives the steel (or the steel mixture) the 
chance to pick up its surfeit of carbon and 
sulphur. The cylinder charges are made up of 
20 per cent. to 30 per cent. steel scrap, No. 3 
Scotch iron cylinder scrap and No. 4 hematite— 
the last-named is used to lower the phosphorous 
content for liners, pistons and cylinder heads. 


Cylinder Metal. 

Table I details the analytical results obtained 
between 16/7/25 and 16/9/25, and will illustrate 
the usual results for cylinder castings having a 
thickness of 2 to 1} in. :— 

TABLE ].—Analysis of Cylinder Metal. 


Si. P. COs he DiGi Tau. SF 
0.93 | 0.2 es 3.2 0.56 | 0.11 
1307 * } 0.93- 15", 79 

0.98 | 0.2 eS ec ihe 0.6 

0.93 | 0.2 0.85 | 3.18 = 0.1 
0.93 | 0.21 — = 0.49 

0.96 | 0.2 a 3.2 =) 
0.93 | 0.23. | 0.86 a 0.56 | 0.12 
0.93. | 0.27 es: B22 i ane ae 
0.89 | 0.24 | 0.9 os 18: 0.1 
0.90 | 0.22 | 0.87 ee 0.7 Ee 
0.93 | 0.2 — 9, / 8.21, 10/68). | 0415 
0.90 | 0.21 | 0.89 Bo oe = 
0.89 20.19 2) O87. Pes 0.6 

0.90 | 0.2 = 3.19 SO 
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For thinner castings the Si is brought up to 
1 per cent., whilst for castings from 24 up |to 
3} in. thick the Si can be lowered to 0.85 per 
cent. This is as low as has been obtained 
having regard to a Si content consistent with 
producing 4 machinable casting. 


Hardness. 
One important test is the Brinell hardness as 
it indicates the machinability and wear. The 


Brinell hardness sought, and which gives the best 
results so far as wear and machining qualities 
are concerned, is 190 to 195 taken on the liner 
bore after being machined. The hardness is con- 
trolled by a number of conditions other than the 
combined carbon. The amount and size of the 
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graphite present, the presence of coarsely 
laminated pearlite or a fine  sorbitic-pearlitic 
structure, all affect the hardness. 

The Brinell number may seem low, but accord- 
ing to the claims of Lanz iron, this is about the 
hardness that is claimed as giving the highest 
wearing qualities. Personal experience is that 
up to 200 Brinell hardness, no machining difficul- 
ties are experienced, but after this point the 
“speed and feed of the machines have to be 
reduced. 

Representative test bars for transverse and ten- 
sile tests cannot be cast separate from the cast- 
ing as this iron when cast in a cold mould has 
a white skin and mottled centre. When cast in 
a dry-sand mould at the same temperature as the 
easting it represents, it is much harder than the 
casting, having a C.C. content of 1 per cent. and 
a hardness of about 220. ‘The best way is to cast 
it on the casting as near as possible to it with 
a number of runner inlets from the casting into 
the bar so'as to obtain as'far as possible the mass 
affect and slow cooling of the casting. Thirty- 
eight to 40 cwt. transverse on a 2x1x386 in. bar 
with 0.7 in, deflection can be obtained fairly 
regularly: naturally the test varies, but the 
figures given represent an average. 


Tensile Strength. _ 

The tensile bars taken from the 2x1 x86 in. 
_ machined down to 4 sq. in. area gives an 
average of 17 tons tensile. All castings cast in 
this class of iron are cast very hot: the metal 
is never held up owing to its being too hot; pour- 
ing temperatures taken at various times with an — 
optical pyrometer average 1,380 deg. C. Natur- 
ally this metal “goes off?’ very quickly and 
requires to be handled expeditiously. Any spare 
metal is poured into pig so that it will not effect 
the next. tap. 


Cylinders, 


These weigh from 5 to 85 ewt., and: are all 
rammed up on the large jolt-ramming mould 
machine, the medium and small sizes of cylinder 
being rammed up in two halves at one time. 
These castings have three machined belts in the 
centre bore. The centre belts are water-cooled, 
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the length of the central belt in the large size — 
of cylinder being 20 in. tins 

The cylinders are cast on the flat, with a riser 
off each foot and one off the opposite end where 
the cylinder heads fit on. The job is run on the 
bottom with two Z-in. round runners; two flat 
down runners from the joint connecting the two 
round runners. The metal enters the mould 


Fig. 3.—Cy1inper CAstTING. 


directly under the jacket core in the bottom half 
mould. One runner through the top part is con- 
nected to the bottom runners by means of.a cross- 
gate cut in the joint of the top part. This is made 
so as to trap any dirt which might enter the 
runner. This method of running has proved very 
successful in actual practice. 

The main body-core is not jointed previous to 
assembling the mould. The bottom-half core is 
lifted off the core plate, with beam and pulley 
chains; it is then turned over and placed into the 
mould. The bottom-half port-cores are placed in 
position, and the top-half core placed on. The 
vent from the port cores is taken through the 
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bottom of the job. The air from the main bore 
core is taken up through the top part. : 

For convenience in making the two ends of the 
cylinder secure, the top part is cub away at the 
back of the prints. Tubes are inserted through 
the top part into the vent from the main bore 
core, and the back of each print is rammed up 
securely (Fig. 3). ; 


Fig. 4.—AsSSEMBLED CYLINDER Movtp. 


Cylinder Cores. 


The main bore cores are made in the usual 
manner on a cast-iron grid. ‘he grid is so made 
that the centre bar protrudes about 4 in. outside 
of the core at each end; this is used for lifting and 
turning over the cores. 

The water-jacket cores are made in oil sand, and 
are dried and assembled on the main body core 
before it-is dried; by this means the half-core can 
be blacked complete, so that when dry the 
assembled cores are ready for the mould. The 
water-jacket and the belt cores are made on cast- 
iron grids wherever possible. These cylinders are 
cast with metal at a very high temperature, and 
are fed in all cases at the cylinder head end. 
Figs. 4 and. 5 show the set of cores used, the 
mould as it is assembled, and also the eylinder 
casting itself. . 
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Cylinder Heads. | 

Large, cylinder-heads are rammed up on the 
‘““bumper ’? moulding machine, only the small 
types being plate-moulded. The heads weigh from 
1; to 9 ewts., and are made to a number of dif- 
ferent designs. In all cases the surface to stand 
the explosion is cast face-up, which may appear 
to be a risky procedure, but with proper attention 


to methods of gating and pouring exceptionally 
good results have been obtained. The difference 


Fie. 5.—Cyiinper Cores. 


in the cost of production between the method 
used and, on the other hand, of casting the explo- 
sion-face-down is very large when the large 
numbers made is taken into consideration. More- 
over, the purely foundry risks are much greater 
by casting face-downwards. | 

The method of running all cylinder-heads is 
based on the idea that the position of the runner 
is such that in the event of dirt or dross entering 
the mould it will be situated where it is of least 
importance. In all cases when deciding the best 
position for a runner it is always safest to assume 
that a certain amount of dirt will find its way 
into a mould, and so place the runner that it is 
located if possible in a position of little 
importance. ; 

All cylinder-heads are run at the bottom, with 
as small a runner as possible consistent with filling 
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the mould at the correct speed. The! runner is. 


placed as far as possible away from any thick sec- 
tions or bosses, as often a badly placed runner is 
the cause of a casting leaking under the water 
test. These castings have been exceptionally free 
from shrinkage trouble and blow-holes, largely 
due to the use of hot metal and slow running. 
When it is considered what heavy impact and 
high flame-temperatures these cylinder-heads have 
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to withstand when running in the engine, the 
importance of this casting may be realised. The 
force of the blow between the top part of the 
piston and the cylinder head of an engine having 
an 18 in. diameter is about 20 tons, occurring 
350 times per minute with a very high explosion 
temperature. 


? Head Cores. 


All cylinder-head cores are made in oil sand, 
and thin cast-iron grids are used in all except the 
very small sizes. In most of the water-jacket 
cores four round arms are provided to bring off 
the vent and support the core in the mould, 
These four points are the only places where the 
jacket-core cuts through the outside wall of the 
cylinder head. Figs..6,.7 and 8 show the various 
forms of cylinder heads with their cores and the 
moulds as prepared for casting. 
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Cylinder Liners. 

These liners are of two types; one is the ordi- 
nary straight liner for the four-stroke engine, and 
the other is for the two-stroke design having two 
nests of ports, or a continuous row of ports all 
round the circumference of the liner, thus acting 
as inlet and exhaust ports. The latter design, 
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with two nests of ports, constitutes the great part 
of the output being described, and these liners 
weigh from 2 to 12 cwts. each. (igs. 9 and 10.) 

The liner pattern is in ‘halves, and is so con- 
structed ias to form the runner basin and the two 
top runner-inlets.. The box-parts are cut away 
at one end to fit the runner head on the pattern. 
In the bottom half of the'mould a bottom runner 
is made, the idea of which is to form a combina- 
tion of top and bottom runner. 

The port cores are placed in the green mould 
and set in position with gauge sticks, and then 
dried in position. The moulds are taken from the 
stove and closed as soon as possible, so as to keep 
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the moulds warm. The aim is to cast the metal 
into the moulds while they are still at about 
90 deg. C., although this temperature varies a 
little, but 1t 1s always between 80 and 100 deg. C. 

The two top runners are plugged, and a piece of 
block tin is placed cyer the bottom down runner. . 
When the liner is being cast. the tin holds up the 
molten metal for a sufficient length of time to fill 
up the runner basin with the molten iron. Before 
the two top plugs are lifted a certain amount of 
metal is allowed to enter the mould, after which 
the top runners are opened. 


Fie. 8.—CyLInpER. Heap. 


Principle of the Runner. 


When sufficient metal has entered the mould 
through the bottom runner as shown in the illus- 
tration (Fig. 11), the two top. plugs are lifted. 
The two streams of metal from the top runners 
drop between the two rows of port cores, this 
having the effect of breaking up any accumula- 
tion of dross or dirt on the top of the metal 
already in the mould, and draws this away from 
under the port cores (as shown by the arrows), 
and so brings it up between the port cores as the 
mould fills, and thus up to the sullage head instead 
of lodging below the cores. A number of different 
methods were tried before this method was 
adopted as standard for this type of liner. 

For liners with a, continuous row of ports all 
round the circumference the same type of runner 
is used, but with the following difference: the 
bottom runner is used to fill the mould up to a 


808 — ; 

level above the ports before the top runners are 
opened. sed i 

- Trouble is sometimes experienced. with the 
liners having two nests of ports. . The ports 
practically cut the casting in halves, excepting 
the two fairly narrow partitions between the 
inlet and exhaust ports. In these two places, 
shrinkage sometimes occurs owing to the casting 
below the ports taking the metal to feed its liquid 
shrinkage from it.The design of this type of 


Fig. 9.—Liner Mow. 


casting would naturally lead one to expect 
shrinkage trouble at these two points, but it has 
been found that the problem is a purely metal- 
lurgical one, and only evinces itself when the 
phosphorus content of the iron is too high or the 
total carbon below 3.1 per cent. It is a peculiar 
fact that this design of liner would be very diffi- 
cult to produce in an ordinary foundry iron 
without resorting to demseners on account of the 
shrinkage at these two points. Figs. 9, 10 and 
‘11 show the liner mould, the finished casting and 
also the method of arranging the runners. 
Pistons. 

These may weigh from 2 to 10 ewts. each. The 
large sizes are moulded from a pattern made on 
the same lines as the liner pattern, the runner 
head and runners being made a part of the pat- 
tern. The method of moulding is the same as 
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the liners, i.e., made on the flat and then turned 
up for casting vertically. 

The cunner is formed so that there are two 
gates from the runner head, each feeding a 
radial runner in each half mould. From these 
two radial gates a succession of small inlet run- 
ners are made all round the circumference of the 
piston walls, except over the gudgeon-pin boss 
cores. This type of runner breaks up any dross 


Fig. 10.—CyiinpeR AND CyiinpEer LINERS. 
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or dirt floating on the top of the metal which is 
apt to lodge in the mould during its passage up 
into the sullage head. The runners are kept very 
small so that when pouring the job, no difficulty 
is experienced in keeping the runner full of 
metal. 

' The cores are made in halves on cast iron grids 
with a thick prod to carry the gudgeon pin core. 
The half cores are jointed while warm and placed 
straight into the mould, The gudgeon pin cores 
take the weight of the core while the mould is 
being closed, but when the mould is turned up 
vertically for casting the core requires to be 
supported. To take the upward lift when the 
piston is cast, a bar 2-in. square is inserted 
through two wrought-iron eyes, one in each half 
box part and through the two half core grids 
which protrude through the end of the piston 
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core. Wedges are placed in ,where: required to | 
keep the core steady, 

Smaller pistons are made by a different method ; 
the pattern is a solid one and is made to mould 
vertically. The core is supported and located 
by a wide and deep tapered print. On the under- 
side of this print a circular runner is made with 
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Fie. 11.—Mernop or Running Liners. 


a number of small inlet-runners into the walls 
of the piston. To connect up the circular gate, 
a down runner is made through the print of the 
core. No top part is required by this method. 
A narrow plate is placed across the top of the 
core and cramped to the lugs of the box part 
to take the lift of the core when the piston is 
being cast. 

The only difficulty occasionally experienced 
with pistons is a small accumulation of dross 
which lodges directly above the gudgeon pin core, 
at a point where the piston tapers. down rather 
suddenly at the skirt. It is not possible to place 
runners at these two points, as the metal would 
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drop on to the gudgeon pin core which would 
likely cut up badly.. A well-known piston trouble 
which does not manifest itself in this case is 
shrinkage in the gudgeon-pin bosses, on’ account 
of the kind of iron being used which obviates 
that particular trouble. ; 
Figs. 12 and 13 show the piston mould and 
cores, and also arrangement of core lift and sup- 

port, and the final casting. 


Fie. 12.—Piston Mov. 


- Mould Temperature. 


The mould used for casting the more particular 
items of castings made in. improved cast iron 
are not pre-heated to any special extent other than 
the ordinary drying process. Moulds are closed 
and cast as soon ag possible after leaving the 
drying stove. In this way the mould tempera- 
tures may vary between 80 and 100 deg. C. To 
take an example of a large liner weighing 12 cwts., 
the casting having an average thickness of 
13 in. of -metal,-the mould “temperature is 
about 95 deg, C. No cylinder iron is cast into 
a perfectly cla mould, as with the character of 
the metal used the resulting casting would not 
be commercially able to be machined. Too low 
a mould temperature is indicated py hard metal 
in such places as the edge of bosses or any 
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ion of the casting which protrudes from the 
oe body of the ‘casting. ‘Taking the liner 
casting just named, which would be made from 
metal having an analysis of silicon 0.97, phos- 
phorus 0.2, manganese 0.6, and total carbon, say, 
3.2 per cent., even although this, casting made 
in the warm mould would be perfectly grey, the 
‘runners are very hard, and vary from white to 
mottled in fracture. The bottom runner from 
the runner head down to within 2 in. of the 
actual casting is only 1 square in. “in section. 


Fre. 13.—Piston Movutp. 


This runner fracture is often taken as a quick 
and rough guide to the result of the previous 
day’s mixture. 

Gating. 

The Ronceray method of gating is used in 
many of the small, highly-machined castings 
which have to withstand high pressures, hot fuel- 
oil at a pressure being. the liquid which many of 
the castings have to withstand. This method of 
running has been the means of curing much 
shrinkage trouble in small castings, such as air- 
valves, air-valve starting bodies, oil pump-bodies, 
atomiser-bodies and sleeves: in fact any casting 
where a perfectly solid casting is essential. — 

This method cuts out a great deal of rod feed- 
ing, besides giving better results than can be 
obtained by rod feeding. Rod feeding is often 
not a practical proposition when one has a large 
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number of such jobs to cast at one time. One 
job in particular, of which large numbers are 
made is a small air starting-body. The castin 
consists of four bosses, two of them round an 
two oval, which form a small solid body. The 
casting is faced on each boss and bored four ways 
to the,centre with a valve seat in the centre of 
one bore, The job is moulded four in a 12-in. 
box part, and often a dozen boxes are cast at one 
time. To feed all these would not be a practical 
proposition. 


Engine Beds. 


These are made to take from one to six cylinders 

in the largest size, and one to four cylinders in 
four other sizes, eé.g., marine and land type, 
The weight of the beds may vary from 8 ewts. to 
8 tons. All the sizes up to four cylinder are 
rammed up on the bumper moulding machines. 
_ In all the beds the bearings are water-jacketed, 
and owing to this class of engine being arranged 
for crankcase compression, the crank-well must 
be air-tight. The method of running the beds is 
the same in all, cases, but the position of the run- 
ners varies a little with the size. Up to the two 
cylinder size in all cases the beds are run at the 
fuel pump extension end. All the beds above 
that size are run along the side, the number of 
runners varying with the length of bed. 

The runner inlets are placed at the bottom of 
the mould, and down runners from the joint con- 
nect up with these. The moulds are cored up 
previous to being dried, Vents can be made 


* secure and the mould can be finished and made a 


much cleaner job this way than by drying the 
mould before coring up. The back of the beds 
is formed entirely of cores, and these are bolted 
into a top core-print which is the same size as 
the bed-pattern. A four-cylinder bed-mould 


contains sixty cores in its construction, the cast- 


ing itself weighing five tons. 


Bed Cores. 
The bed cores are all made with cast-iron 


‘grids. The bearings and water-jacketed cores 
‘ are made in oil sand and the others are made in 
- ordinary core sand, 
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Water-cooled Silencers. 


These are of two types, cylindrical boiler form 
and tox type. These are made in single, double 
and triple for all sizes of engines. ; 

The largest size is 9 ft. long and 2 ft. 9 in. 
_in the bore, with three, tangential branch con- 
nections and a 4-in. internal flange at each end. 
This type is used for a 3- or a 6-cylinder marine 
type of engine. ‘The job is moulded in halves on 
its flat, and then turned up into a vertical position 
for casting. 

A bottom runner is used in conjunction with top 
runners. The top runner is cut around the print 


Fig. 14.—Warer Jacket Core. 


of the main bore core, with a succession of small 
ingates all round the bore except directly over - 
the branch cores. The bottom runner is opened 
first so as to allow metal to enter the mould and 
act as a cushion for the metal dropping down 
from the top runners. ‘ 

The water jacket cores are made on a built-up 
grid, consisting of light cast-iron segments wired 
up to a wrought-iron rod running the length 
of the core. The small sizes are made in |. oil 
sand and the large ones in loam sand. The cores 
made in loam sand do not need bedding out; 
the core is turned out on a flat plate in the 
usual way. To avoid any chance of the core 
opening out with its own weight while drying, 
two binding wire stretchers are strained across 
from the tips of the cast iron grid segments 
previous to the core being turned over. 
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Assembling the Moulds. . 


After the mould has had one \night’s drying, 
the branch cores and the half-jacket cores are 
placed in position in the mould. The top half- 
jacket-core is wired in position at the back of each 
of the four core-prints. By this method the vents” 
can be made secure, and core-prints made good. 
After the mould has been stoved again, the barrel- 
core is placed in and the mould is closed. One 
point which must be carefully watched when this 


‘method is used is that a ‘‘ touch ’’ is made where 
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the top and bottom half-jacket-cores meet, as it 
is difficult to chip out any fins which may form 
at that point. 

Fig. 14 shows the water-jacket core and grid, 
as well as the finished silencer casting. 


Flywheels. 


All flywheels up to 7 ft. dia. are machine- 
moulded from a half-pattern. The wheels are 
of the disc type, with a solid rim for electric type 
and a recessed rim for standard type. The recess 
in the rim is formed by cores, six of which are 
placed in the bottom half and six in the top. A 
fairly wide print on the pattern gives the core 
a good seating. The cores are made on a cast 
iron grid segment, and are placed in the mould in 


' the green state. After the pattern is drawn from 


the bottom half of the mould, the barring hole 
cores are placed in position, and the rim finished 
and blacked. The cores are then placed in posi- 
tion, and the whole finished and blacked. Very 
much the same procedure is gone through with 
the top half of the mould. Extra machining is 
allowed for by using wood segments round the 
rim, 

The wheels are run on the rim by three flat 
runners about 6 in. apart, so that the metal drops 
down into the rim of the wheel so as to miss the 
recess cores. The risers are taken off the rim. The 
recess cores in the top half-mould are held in 
position by hook bolts. Twelve holes through the 
top part are arranged round the core print. The 
hook bolts are hung on to the wrought iron eyes 
cast in the grid previous to the cores being placed 
in position. 


After the mould is dry, the bolts are tightened 
up to fish plates. This method of putting the 
green cores into a green mould has proved to 
be the cheapest and cleanest method of mould- 
making. Dry cores have been tried in a green 
mould, and dry cores; in a dry mould, but both 
these methods are not only more expensive, but 
they do not produce such a clean casting. — 

A 4-cylinder bed casting weighing 3 tons 5 cwts. 
is made on ‘the moulding machine, the 
dimensions being 14 ft. by 6 ft, with a lifting 
capacity of 12 tons. Another size of moulding 
machine measures 7 ft. 6 in. square, on which 
all flywheels up to 7 ft, diameter are made, 
taking up to 10 tons. Four smaller machines 
range from 44 ft. square down to 3 ft. The 
type of plate pattern used for plate moulding is 
-in most cases a half-pattern on each side of a 
wood board having jigged brass bushes in which 
loose pins are used. 
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DISCUSSION. 


Grey Castings with White Runners. 


THe CHarrman (Mr. J. Masters) said the Council 
was to be congratulated on having secured the 
services of Mr. Richman, and induced him to put 
before the members the results of his investigation 
of an important subject, on which there had been 
a fair amount of discussion during the last few 
months. He had given them much food for 
thought. 

Mr. Richman had made reference to what were 
termed freak fractures, the test bars coming out 
white and the castings quite grey. He had had a 
similar experience, more especially in castings 
that were run slowly. Im one case, with a cast- 
ing weighing about three tons, they were trying 
to get the pearlitic structure, and examination 
under the microscope showed that they had been 
very successful. Yet every runner that was broken 
showed the white iron. In other respects every- 
thing was satisfactory. 

In connection with the running of the cylinders 
a point which would appeal to those members who 
are interested in the manufacture of internal 
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combustion engines was that Mr. Richman 
ran the cylinders on the flat. In the Manchester 
district most people cast them on end. If Mr. | 
Richman had cast them in any other way than 
flat, perhaps he would tell the members what his 
experience had been. 


Pencil Runners. 


The Ronceray method of running had been 
mentioned. Without doubt in some castings this 
was essential in order to get good results. He 
had himself made many experiments with that 
particular type’of runner, and found that was 
the only way; there was no feeder, and no riser, 
yet everything came out satisfactorily, there 
being not a single reject out of 150 made. The 
casting weighed 1} cewts. The runner was 2 in, 
diameter. 


Fracture of Runner as Quality Index. 


Mr. RicuMan said the size of the bottom runners 
on the liners were all a standard size, and, from 
examination of the fracture of these runners, one 
could get a good idea of the result of the previous 
day’s cast. If the fracture of the runners were 
white, gradually merging into a mottled centre, 
they knew they were right; if it was white right 
through they were a bit dubious as to the machin- 
ing qualities of the iron; if they were grey 
they knew it was slightly soft. 

The casting of cylinders on the flat may seem 
contrary to the usual practice, but when the 
method of running, the position and size of 
runners, and casting temperature were all cor- 
rect, no trouble was experienced. It was found 
that the slower the running and the hotter the 
metal, the better the results. The difference in 
the cost. of casting on the flat from casting 
vertically was very great. Probably the latter 
method would cost quite 50 per cent. more than 
the former. 

Mr. Masters had mentioned the ‘(Ronceray 
runner. The speaker used this type of runner 
on a number of castings. He himself, for very 
small castings used a i-in. runner, but he did 
not put it near the bottom of the casting. In 
a number of Ronceray castings a small runner 
was put right at the bottom. Well, if the runner 
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was put near the top so that the runner was prac- | 


tically bonded through the casting, one could 
use a smaller runner. But. with it, in order to 
get the best results, the job had to be very care- 
fully watched; it must not be left to the men. 
That was the only drawback in the. Ronceray 
method. 

In a number of castings, which would otherwise 
have to be rod-fed, the results were satis- 
factory. A 1-in, round wound runner was used, 
being placed at the top of the casting. In order to 
obtain the best results, such jobs have to be very 
carefully supervised to ascertain that the metal 
was very hot. 


High and Low Phosphorus Iron for Liners. 


Mr. A. L. Key asked. whether Mr. Richman 
could give any definite data as to the relative 
values of high-phosphoric iron and low-phosphoric 


iron for liners. Mr. Hurst went to a great deal 


of trouble to acquire information which, accord- 
ing to that authority, proved conclusively that 
high-phosphoric iron gave the ‘best wearing pro- 
perties on account of the phosphoric nodules 
standing out all along the line. He himself (Mr. 
Key) had worked along those lines, the phos- 
phorous content being above 1 per cent., and they 
had no trouble with the liners; but whether his 
liners were better than others in which the phos- 


phorus was at a minimum he could not say, and_ 
he would be very glad to know what data Mr. 


Richman could give as to what was the best 
wearing material for liners. The majority of 
people considered that the harder it was, the 
better it would wear, but one read accounts of 
cases where relatively soft material had given 
better duty than the harder material. 

Mr. Richman had suggested running cylinder 
liners slow and extra hot. He himself had made 
thousands, and found that hot metal was essen- 
tial—one could not get a good liner without it— 
but in his opinion he had proved that the quicker 
they could get it in the better the results. 


Thyssen-Emmel Iron. . 


Mr. Richman had told them of a bar of Thyssen- 
Emmel iron which stood a test up to 45 ewts. In 
his own experience a bar of similar analysis was 
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tested, and the machine would not break it at 
49 cwts,; they then used a bit of leverage, and it 
broke. Had Mr. Richman any record of the 
deflection of his Thyssen-Emmel bar? 

Mr. Ricuman replied that he had not any 
figures relating to the influence of phosphorus | 
on cylinder liners. He could only generalise from 
experience. In the liner castings he had shown, one 
could easily imagine that the port bars on the 
exhaust side of the liner had to withstand a very — 
high temperature. If the phosphorus was high, 
the bars would crack. 

Mr Key having concurred, Mr. RicnmMan con- 
tinued by stating that, with a number of cylinder 
heads, pistons, etc., his experience was that the 
cause of the trouble could ke traced to high phos- 
phorus every time. He was not insisting that 
his methods were unassailable, but his conclu- 
sions were based on practice. In saying that he 
could not imagine anyone who had experience of 
internal combustion engine castings insisting 
that the phosphorous content was unimportant, 
He found that the liners must Le run at a cer- 
tain speed, as the effect of the runner was lost. 
The object of the runner was to draw the dirt 
away from under the port cores to the wall 
separating the two nests of port cores and so up 
into the sullage heads. 


The Running of Liners. 

Mr. S. G. Smirn said he had not recently been 
in contact with practical work to the same extent 
as some others in the audience, but he had a fairly 
long experience of castings of this kind, and he 
had been up against the troubles which Mr. Rich- 
man experienced. They had to be solved, and 
while he did not know that he had always adopted 
the best method, he had at all events arrived at a 
solution, which was the chief thing. 

They knew that the Lanz iron was made in hot 
(500 deg. C.) moulds. Mr. Richman had also told 
them about the Thyssen-Emmel iron. He did not 
know, and therefore would ask Mr. Richman the 
question, whether the metal was cupola melted, 
and a special mixture. Was. that also run in hot 
moulds? The temperature usually adopted by Mr. 
Richman was an easy temperature. Another 
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point on which he desired information was whether 
in any of the castings which had been shown 
denseners or chills were applied to the heavy parts. 

The method of running the liners which had 
been depicted was used in some of the foundries 
in the Manchester district. But why did Mr. 
Richman open out the top runner before the metal 
reached the ports in one case and in the second 
allowing the metal to come over the ports before 
he opened out the top runner? It might be an 
advantage to do it in that way, and Mr. Richman 
might have a special reason for it. 


Experience with Thyssen-Emmel Iron. 


Mr. Richman said it was claimed for the 
Thyssen-Hmmel method that the metal could be 
cast in a cold mould. The bar he had examined 
looked as though it was a green-sand casting. It 
was a 13-in. bar, and gave as much as 26} tons 
tensile. Certainly there was a considerable scope 
for this Thyssen-Emmel iron. In the future 
their own line of experiment was going to be 
on the lines of altering the tuyere area, the 
blast pressure, the volume of air, and try to lower 
the total carbon and raise the silicon content. That 
would come more into line with the Thyssen- 
Emmel iron. 


Low-Carbon Cast Iron, 


The low total carbon was a feature of their 
cylinder castings, which were very free from 
shrinkage trouble. Buchanan always insisted 
that if one had a No. 4 fracture with this type of 
iron it gave less trouble from shrinkage than any 
other iron. He thought Mr. Smalley’s researches - 
proved the same thing, that with the pearlitic 
structure, for that was what it was, it gave a least 
minimum shrinkage. With their 3.2 total carbon, 
if they lowered that total carbon slightly they 
induced shrinkage troubles. Whether that was 
because they ran so low in silicon he could not say, 
or whether they could raise the silicon and lower 
the total carbon and still get good results. He 
thought it was possible; in his opinion those were 
the lines on which great success would be achieved. 
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Influence of Chills. 


He had never been partial to chills. They cured 
the trouble in one place, but it appeared some- 
where else; it was only shifted or spread out 
over a wider area. With their iron one could not 
use a.chill, jas it would produce a white fracture. 
He remembered a case where hard spots occurred 
at the same place on liners time after time, and 
he found out that the box part was just touching 
the casting, and it struck a 3-in. chill, just the 
shape of the wedge end of the bar in the box. It 
was a 3-in. chill into a liner 2 in. thick. 

Mr. Smith had asked why he opened the top 
runner when the metal was below the ports, and 
his methods when the ports were situated all 
around the liner. The object of the runner was 
based upon drawing away the dirt from under- 

_neath ports, but when the liner had ports all the 
way round there was no place to drop the metal 
down, so that the bottom runner was used to fill 
the mould just above the ports before the top 
runners were opened. 


The Influence of Hot Moulds. 


Mr. Pootn (Keighley Laboratories) asked 
whether the pearlitic structure depended upon the 
temperature of the mould. Would 100 deg. make 
all the difference ? 

Mr. RicuMan insisted that it would make all the 
difference. Suppose for some reason or other the 
temperature dropped. When such a casting got 
into the machine-shop the edges of the bosses or 
any protruding part of the casting were hard, and 
usually had to be ground off. That was quite all 
right, but it showed what one got from a 
warm, yet insufficiently warm, mould, and they 
could imagine what they would get with a cold 
mould. He had never cast with a cold mould, so 
he could not say exactly what happened, but his 
experience was that if test-bars were cast in a 
mould at the same temperature as a liner cast- 
ing, the bars were white right through, so that 
it was a pretty foregone conclusion what the 


casting would be like if the mould were cold. 
M 
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Making Low-Carbon Cast Iron. 


Mr. Briertey asked how Mr. Richman proposed 
to get iron with the desired proportion of total 
carbon, that is, not exceeding 3.2 per cent. from 
hematite pig-iron which contained 4.25 per cent. 
total carbon. Did he use a special cupola for melt- 
ing the cylinder iron? It was not easy to imagine 
that he was melting this special iron with common 
iron in the same cupola; otherwise a good per- 

centage of the special iron would be spoiled by 
high phosphorus. Were the combined carbon 
figures in the analyses the percentages in the 
castings themselves, the liners; or were they the 
percentages in test-bars? 

Mr. Ricuman said the 3.2 per cent. was not 
very low when one remembered that Mr. Young 
had 2.8 per cent. He might say they did not use 
any foreign scrap; it was cylinder scrap. The one 
drawback was that they did not get enough of it 
to carry on from day to day. Their first charge 
they always ran down into a pig. If they were 
very short they ran down two charges, or three 
charges; so that they started with a scrap which 
was very low in total carbon, the steel, and the 
cupola conditions were regulated to give this. 
Very often they ran an ordinary iron after the 
cylinder iron was cast up. If they put on more 
cylinder iron than they wanted and the phos- 
phorus in that was not too high, they used it as 
cylinder scrap. If they had a suitable casting, 
_a dry-sand job or similar work, they generally 
put it in there to get rid of it. That was how 
they got over the trouble of parting the charges. 
They had tried putting in an extra deep coke 
charge, but the total carbon increased straight 
away. It had been proved conclusively that a 
thick coke charge would give high total carbon 
directly after the incoming charge. 


In all cases the combined carbon was taken from 
liner borings. There was a roughing cut through, 
then a reamer cut, and these were taken off the 
reamer cut. It was only fair to take the com- 
bined carbon jin the borings. If the combined 
carbon was taken from the test-bar and in the 
liner the percentage was 0.85 in the liner, and 
probably nearer 1 per cent. in the test-bar. 
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Answering a further question, Mr. Rrcoaman 
said the mould was about 90 to 100 deg. C., which 
was not very hot. 


Working Conditions. 


Mr. Key put this question, supplementing what 
Mr. Brierley had said. Supposing Mr. Richman 
wanted three tons of special iron, how much would © 

“he consider he was safe in charging so that he 
would not get the contents of the softer material 
following? It was a very difficult matter to sepa- 
rate charges. If the charge of the mixture was 
put on and then taken away in sections there were 
wide variations, not in the «actual analysis, but in 
the degree of hardness. In this connection Mr. 
Key referred to his own experience with a mixture 
containing about 60 per cent. steel, 10 per cent. 
hard iron, and 30 per cent. soft iron. One part 
of the casting had to be so hard that neither a 
chisel, file nor hammer could make any impression 
on it, the rest had to be machinable. The weight 
was 6 cwt. They could not get the metal hard 
enough for the purpose by charging at the com- 
mencement of the blow, for just a little bit of 
metal from the succeeding charge spoiled it. By 
charging up this mixture after the day’s blow and . 
adding the ordinary coke charge they obtained 
what they sought, that was 0.7 silicon and 0.15 
per cent. phosphorus. 

Mr. Ricuman replied that one charge was used 
more thau was required, but they did not drop 
into very common iron; they changed into iron 
with 0.8 per cent. phosphorus. They ‘had to be 
very particular, because there were a number of 
different thicknesses, and they had to soften off 
gradually. In cylinder heads the phosphorus must 
not be high, and they kept a careful watch upon 
the phosphorus. 

Taking Test-bars. 


Mr. Kry asked whether the test-bars were taken 
out each day practically from the same position in 
the blow? Had Mr. Richman tried taking a suc- 
cession of test-bars from the furnace and analysing 
them ? 

Mr. Ricuman: He never used the first tap. 

Mr. Key: Take the first metal you use. Say 
you take a ladle full for two or three liners, and 
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then you take another ladle away and cast some 
more. Have you tried taking a succession of test- 
bars from each tap? 

Mr. Ricuman: No. 

Mr. Key thought there would be a remarkable 
inconsistency in the figures from one blow. He 
would like the author to make that observation. | 

Mr. Ricuman said for a large-sized liner they 
sometimes cast the bars first, second or third tap. 
He did not take the trouble to ascertain what tap 
it came from; if the mixture was right, that was 
all that mattered. The results he had given were 
not from test-bars, but from the liners. 

‘Mr. Kny said his experience was that from the 
first ladle taken away they could get a fairly good 
consistent analysis, but if they took three ladles 
out of that one blow the analyses would vary, 
because if steel was being used and was put on 
the first charge the steel would come through first, 
and the first ladle would be much harder than the 
succeeding ladle. 

If three liners were cast from the first ladle 
they would have the same analysis, but if from 
another ladle they would be different. — 

Mr. Ricuman insisted that it was preferable to 
take away metal in large quantities, the bigger the 
quantity the more consistent were the results. 

In answer to a question by Mr. Smitn, the 
LeoturER pointed out that there are foundrymen 
who state they can obtain cupola metal carrying 
2.8 per cent. carbon. 

Mr. Key: We frequently have pig-iron with 
2.8 total carbon. 

Tue CHarrmMan: 2.8 total carbon has been 
obtained on several occasions when we were not 
altogether conversant with pearlitic iron. 

Mr. Smite: Put through the cupola? 

Tur CuarrMan: Yes; put through the cupola 
and cast in moulds. 


Vote of Thanks. 


Mr. J. S. G. Primrose proposed a vote of 
thanks to Mr. Richman for his Paper. It could 
be regarded as a model for future Papers to be 
read before the Branches; it was an admirable 
combination of metallurgical theory, with an 
exposition how to put it into practice. 
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In seconding the motion Mr. H. SHERBURN 
remarked that apparently the question of pearlitic 
cast iron was going to take a prominent place in 
the deliberations of the Institute, and they would 
look forward with interest to Mr. Richman’s con- 
tribution to an aspect of importance in foundry 
practice. 

The vote of thanks was carried unanimously. 

In replying, Mr. Ricuman remarked that he had 
to thank Mr. Primrose for the micrographs and 
lantern slides, and Mr. R. H. C. Weekes for 
the analyses cited. 
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London Branch. 


MACHINES IN NON-REPETITION FOUNDRIES. 


By G. Edgington, Member. 
‘In introducing this subject of ‘‘ Machines in a 
Non-repetition Foundry,” it is probable that 
foundrymen always associate moulding machines 


Fic. 1.—SHowinG various PATTERN BoaRDs 
~~ anp Type or Jott MACHINE USED. 


with the production of large quantities of repe- 
tition castings. But competition is so keen in 
these times that founders are turning their atten- 
tion to machines that will help to produce bigger 
and more varied types of castings, Already great 
strides have been made in this direction, which has 
materially helped to reduce the cost of castings to 
the customer. Also the skilled moulder is losing 
some of his conservatism and taking more kindly 
to these machines, which are helping to cut out 
some of the drudgery of his trade. 

The need is becoming greater for the use of 
machines, as really skilled moulders are getting 
more scarce as time goes on, and it is therefore 
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essential that machines which can be operated by 
semi-skilled men after a few weeks’ training should 
be more widely used to meet foreign competition. 

The foundry in the past has been badly neglected 
by the engineer, but the signs are that more 
attention is being given in this direction, and 
mechanical appliances are being introduced in 
many forms. But even in’ these times one fre- 
quently hears practical founders say that their’s 
is a jobbing shop, and therefore can find no use 
for moulding machines, as the class of work they 
are producing is too varied, and not enough off 


Fie. 2.—SHowine a Frew Parrerns ror 
Street Castings. . 


to warrant the use of machines. It is not pro- 
posed to enumerate all the different types of 
machines in use at the present time, but to show 
what the Broadoaks ‘foundry is doing, which may 
possibly be of some interest and help to those who 
have not up to the present time given this matter 
serious consideration. 

There are numerous kinds of jolting machines, 
all of which are claimed by their different makers 
to be the best, but the author is of opinion that 
the best machine is the one constructed on simple 
lines, and which gives greatest service and effi- 
ciency without being in the fitters’ hands one or 
two days each week. The plain jolt machine, with- 
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out any turning-over gear or other complications is 
the one which is favoured at the Broadoaks works. 
This being a non-repetition shop, is best served by 
a machine whose only operation is to ram the sand. 
There are eight machines (Fig. 1) with 6-in. dia. 
cylinders, the lifting capacity being about 12 ewts., 
- and the table 24 in. x 18in. The method employed 
is to have several jobs on plates (Fig. 2), operat- 
ing simultaneously. For instance, while the operator 
jolts up one box, a man or boy, according to the 
job, draws the pattern, so that the machine is 
kept ramming all, the time, and as long as 


Fig. 3.—A NuMBER OF MovuLDS SHOWING THE 
Lone Pins usED witH CoTTER Hous. 


required. From Fig. 3 it will be noticed that the 
boxes have fairly long pins, and this keeps the 
pattern quite steady and ensures a good draw. 
These pins have a slot through which a cotter is 
passed, and this serves to fasten the box down to 
the pattern board whilst it is being jolted. 

By not having a pattern-drawing arrangement 
on the machine the necessity is eliminated for 
machined boxes, which are a considerable cost on 
the foundry. For making the moulding boxes the 
jolting machine is also used. This gives them very 
good faces, which in many cases are almost as 
good as machined ones. An arrangement (Fig. 4) 
which has been found to work satisfactorily is to 
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put the hand boxes on benches. The men are able 
to stand up to their work, and are much mors 
comfortable, and work better than when kneeling 
in the damp sand on the floor, It is not wished 
to discredit in any way the excellent arrangements 
on some machines which are doing the same jobs 
day by day for weeks at a stretch. There is much 
to be said for them, but it seems desirable ‘to 
emphasise that good work can be obtained from 
jolt machines without any expensive tackle being 
first prepared. This will best be illustrated by 


Fie. 4.—SHowine THE ARRANGEMENT OF 
BencHes ror Hanp Boxnrs InNtRopUcED 
FOR THE PuRPOsE. or FLIMINATING 
THE KNEELING or Moutpers In Damp 
Sanp. 


illustrations of bigger machines in use in the 
Broadoaks Foundry. 

There are two large machines, one with a 20-in, 
dia. cylinder, capable of lifting 8 tons, another 
with 16-in. dia. cylinder, which lifts 5 tons, the 
tables being 6 ft. square. This does not mean that 
anything longer than 6 ft. cannot be rammed, as 
frequently boxes are used up to 12 and 14 ft. 
long. Around these machines there are a number 
of plates of various sizes to take different Sized 
jobs. These have a series of tapped holes 1 in. dia. 
pitched at equal distances around the edges. This 
allows the putting of various size boxes on the same 
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plates, and at the same time ensures being able 
to fasten down the box. The plates have machined 
faces, and when the jobs come off the machine 


Fig. 5.—Here toe Parrerns are Mounted 
oN PLATES PREVIOUS TO THE BOXES BEING 
PLACED OVER THEM. 


Fig. 6.—A Patrern MountTED ON’ THE 
Puate Reapy For RECEIVING THE Box. 


they present a perfectly true joint, and the 
moulder has only to draw the pattern. If the job 
has several off, dowel pins are located along the 
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centre line of the plate, and the patternmaker 
has jigs, which suit the different lengths of 
patterns. In most cases no locating pins are used 
where only one or two castings are required. The 


Fie. 7.—A Movnpine Box Being RamMMED 
ON THE LARGE MAcniINE. 


Fig. 8.—SHowine A HatF PATTERN FOR AN 
ADAPTER CASTING. 


two half-patterns are set equally in the box top and 
bottom. Then before the core is put in the bottom 
half of the mould the top is set accurately over it 
and either pinned or marked. The core is then put 
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in and the cope replaced to the marks. To work this _ 
machine there is what is called a machine squad, 
which consists of two moulders, or three when 
busy, and three labourers. The pattern is placed 
on the plate, the labourer puts on the box, and 
whilst the moulder is putting in lifters or looking 
after parts requiring special attention, the 
labourer fastens the box down to the machined 
plate with clips and screws. This is then put on 
machine, and the other labourers then fill up with 
sand and ram the job. By this time another job 
has been prepared by the moulders and is ready 


Fig. 9.:—SHowine Two HaALr-MoULDS FOR AN 
ADAPTER AFTER BEING RAMMED. 


for the machine. This continues, and as the 
moulds come off the machine they are handed over 
to the men in the shop who draw the patterns and 
finish the mould ready for casting. By having 
these various plates the machine is not kept stand- 
ing, and therefore much more work can be done. 
The several illustrations will illustrate the above 
(Figs 5 to 10). 

This cylinder (Fig. 11), weighing 11 tons, as 
cast is 86 in. dia., bore 11 ft. 6 in. deep, with 
head, is rammed up on the big jolt machine, the 
boxes are made in sections 24 in. deep, and when 
full of sand are just under the lifting capacity of 
the machine. The patterns are dowelled on to a 
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machined plate, and the Tones are pinned to 


centre lines, which are also used when assembling 
the job. After ramming the sections, which make 
up the bottom half of the cylinder to the centre 


Fig. 10.—Movunps Mape sy tHE LARGE 
Jout MAcHINE. 


Fig. 11.—SHowine CyLinpER CASTING. 


line, the plate is then turned over, the same 
holes being used on the other side of plate. This 
allows for no discrepancy, and the job comes 
together accurately when being assembled. Before 
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adopting this method, these cylinders were swept ‘y 
up in loam, and the valve boxes set. as the : 
moulders bricked up the job. 


Fie. 12.—ComMMENCEMENT oF MAKING A 
CYLINDER, SHOWING THE First PIECE OF 


PatTERN MOUNTED ON THE PATTERN PLATE, 


OF THE 


Fie. ASSEMBLY 
Movtp. 


13.—PaRTIAL 

Jt will readily be understood that it gives a 
much more accurate casting, and the cost is re- 
duced very considerably. Some of the moulders 
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do not use a rammer during the day, they draw 
patterns, finish, and assemble the moulds. The 
moulder who has not to use the rammer becomes 
more adept at finishing his work, therefore doing 
it quicker and cleaner. Better castings are pro- 
duced by the use of jolt machines, being more true 
to patterns, also what is important, are less liable 
to scabbing, as the machine rams more uniformly 
than when it is done by hand, as scarcely two 
moulders ram alike. 


Fie. 14.—SHow1nG THE Mound IN THE 
Pit, WITH THE CoRES IN POSITION 
Reavy For THE Tor Part, 


The Sand Slinger. 


The Broadoaks Foundry- has now another 
machine, which is a considerable asset to its equip- 
ment, as it has installed one of the portable types 
of sand-slinging machines. This is proving very 
useful, and the method followed is to ram deep 
bottoms on the jolt machine, turn the job over, 
and put on the top part or cope, then place it 
under the sand slinger for ramming (Figs, 15 and 
16). It is then passed to shop moulders. This 
denotes that very little ramming by hand is being 
done. Certain parts, under bars, etc., are tucked 
by hand. The pleasing part is, no special rigs are 
required, being handled by the slinger in the same 
way as if rammed by hand. 


| Mie Bear CONN AE a 
This machine can be taken anywhere in the 
shop, to the bigger jobs, and is proving very ~ ;. 
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Fig. 15.—SHoWING THE SAND SLINGER at WoRK. 


Fie. 16.—Tue Sanp Stinger Mountep 
on A Movnp. 


useful indeed (Figs. 17, 18, 19 and 20). The bed- 
frames shown in Fig. 21 are a fairly big job, and 


they are made in various sizes, up to 19 tons, The — 
one shown is about 15 tons, its length being about 
18 ft., varying according to the stroke of the engine. 


Fig, 17.—SHowine THE SAND SLINGER LIFrreD 
Ur to Ram a Larce Box Part, 


Fie, 18.—Larer Pier Castine Tarrrine 
{ From 42 IN, pIA. TO 24 INn., RAMMED 
ENTIRELY BY THE SAND SLINGER. 


It is about 7 ft. wide, and 5 ft. deep. After the 
pattern is on its bed, and the ramming under- 
neath is finished, it is usual to bring the sand 


slinger on the job, and practically the whole of its 
sides, inside drawbacks, and top-parts are ram- 
med by the machine, which is moved from one part 
to another as required. A considerable saving in 
time is effected on a big job like this. | When 
ramming the top parts, which are over 20 ft. long, 
work is commenced at the end of job, then after 
the first 8 ft. is rammed the machine is moved 
along, standing on the part that has already been 
rammed, 


Fie. 19.—Box Parts Usep ror Maxine 
Pires. Eacu Partis 15 Fv. x 8 FT. 
x 2 FT, 8 IN. 


This machine will also ram big cores equally 
well. In making a large speed-ring, for a hydro- 
electrical job, where the middle portion was 
formed with heavy cores, the first set of cores was 
made in two weeks by four men ramming by 
hand. The sand slinger was then used for the 
2nd and 3rd castings, and reduced the time just 
by one week, making a saving of 50 per cent. on 
the time. It has not been possible to get an illus- 
tration of this Job, but the cores were 5 ft. deep 
in the deepest part, the diameter of the job 
18 ft. 6 in., and weighed. 28 tons. This machine 
is doing very well, and gives very little trouble 
mechanically. The blades require to be renewed 
fairly frequently some days, other times they last 
three or four days without changing. Changing 


a blade can be accomplished in three or four 
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minutes. At the Broadoaks works, these blades 
are cast in a chill mould. They are then annealed, 


Fig. 20.—SxHowine Harr or a Bic. TRUNK 
GuipE Movu.p MADE IN THE SAME Box As 
THE PIPE BY THE SAND SLINGER. 


Fig. 21.—SHow1na Bepprate MovuLp WITH. 
Corrs AND Drawsacks Lirrep Ovr. It 
HAS BEEN RAMMED BY THE SAND SLINGER 
AFTER MAKING THE UNDERSIDE OF THE 
PatrERN BY HAND. 


and providing no pieces of scrap are put through 
the machine they give good service, and cost very 
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little. The top cover is also cast on a chill. This 
gives a nice level surface each time, enabling the 
blade to be set very close to it, which is necessary 
and important for hard ramming. The cover 
lasts about four or five weeks. 


‘Shake-out Table. 


Another useful tool, which is of considerable in- 
terest is the shake-out table. This machine con- 
sists of a table with a cylinder and piston at one 
end, the other end works in a knuckle joint. On 


Fie, 22.—Tun Suaxn-our Taser. 


this table the boxes are placed, after casting, for 
knocking out the sand ready for use again. They 
are picked up by the crane, shaken out on the 
table, then placed over the pattern again. This 
machine saves a considerable amount of time and 
heavy labour. Foundrymen are aware of what it 
means to knock out deep top parts, which have 
been dried with lifters in. By the side of this 
table are big hoppers with mechanical riddles over 
the top. The sand which has been shaken out is 
watered and passed through the mechanical 


riddles, which mixes it. The hoppers are then | 


picked up and dumped into the bigger boxes and 
filled by hand into the small ones. 
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DISCUSSION. 


Tue Brancn Preswpent (Mr. G. C. Pierce), 
opening the discussion, expressed to Mr, Edgington 
the appreciation of the members for his Paper. 
With regard to the 18ft. long bedplate which 
had been mentioned by the author, he asked how 
long it had taken to ram that with the sand 
slinger. He had noticed, he said, that Mr. 
Edgington still stuck to jolt ramming, though he 
had a sand slinger in his shop, and he asked, 
therefore, why the sand slinger had not taken 
the place of the jolt rammer to a greater extent. 
He asked the question because the trend of the 
Paper seemed to be to point out the advantages 
of the sand slinger over pretty well everything 
else, and it did seem a little peculiar that the jolt 
Tammer was used to so great an extent. 

Mr. V. C. Fauixner (past Branch President) 
referred to the remark made by the author, in 
connection with some jobs rammed by the sand 
slinger, that certain parts, under bars, etc., were 
tucked by hand. The use of previously prepared 
_ oil sand cores for such soft spots suggested itself 
as being a means of overcoming the difficulty. 

Mr. M. J. Coopsr asked for information with 
regard to the cost of mounting patterns for 
jobbing work, and whether the cost of putting 
many of these jobs on the jolt rammer was war- 
ranted. As an example, he mentioned a box 4 ft. 
square, and upwards. He also asked the thickness 
of the plates used on the jolt ramming machine 
for the various sizes of boxes, and what was Mr. 
Edgington’s experience of the use of green sand 
on jolt ramming machines. Did he find that it 
was necessary to dry work which was originally. 
done in green sand, and to use any special class of 
sand for this type of machine? The point of the 
greatest importance, to his mind, was that of 
how the cost of production by these machines 
compared with the cost of production by hand 
labour. They must take into consideration that 
_ the overhead charges in connection with these 
machines were very high, and, in addition, there 
were maintenance and power charges. Mr. 
Edgington had referred to a case in which it had 
taken four men a fortnight to ram up a number 
of cores by hand, whereas two men had rammed 
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them up in a week by machine. Would the over- 
head and maintenance charges in connection with 
the machines increase the costs to a higher figure 
in the case of the cores rammed by two men in a 
week, than in the case of the cores rammed. by 
four men in a fortnight? 

Mr. A. S. Bexcu was rather disappointed that 
Mr. Edgington had not said more about the trans- 
port problem, which was one of the greatest 
bugbears in the foundry, not only of the sand, 
but of the boxes, to and from the machines, 
as well as the boxes from the fettling shop. He 
asked for information, therefore, in that con- 
nection. With regard to the ramming jobs dealt 
with in jolt ramming machines, he supposed that 
Mr. Edgington had referred entirely to flat-backed 
jobs. He would also be interested to know the 
methods adopted with a big box for flat ramming 
the job after the jolting was over. Recently, when 
in Scotland, he had seen pneumatic rammers used, 
and he wondered whether Mr. Edgington had had 
any experience in that connection. 

Mr. Enerneton, replying to the Branch. Presi- 
dent’s question as to the speed of ramming in the 
case of the 18-ft. bedplate, pointed out that, when 
they reached a certain point, they had to make 
the joints of the big cores, and, naturally, the 
machine could not be used on the job the whole 
of the time. The job was rammed to a certain 
point, and then left to the moulders, the machine 
being used for some other job in the interval. 
On the ramming of the big bedplate mentioned, 
he had saved something like three days. 

Replying to Mr. Faulkner’s suggestion as to the 
practice of tucking under by hand in parts which 
could not be rammed by the sand slinger, he said 
this had been his practice for a considerable time 
even on jolt machines. He made use of oil sand 
cores very considerably for that purpose, because 
he could make oil sand cores very much more 
quickly than he could finish or iron an undercut 
job, or make a grid to go over it. There were 
no core irons made for the oil sand cores. 

Dealing with Mr. Cooper’s question as to the 
mounting of patterns for some of the big jobs, 
he said there was no mounting required. They 
simply brought out a half pattern or a whole 
pattern, and dropped it on. to the plate. The 
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patterns he had discussed had ‘been working for 
twelve years, and were still good, but in time 
the screw-holes, used for the screws for holding 
the jobs. down, became larger, and when that 
happened the next size of tap was used. He had 
started with J-in. holes, but in some cases the 
holes were now 1} in., and when they wore out 
he would go to li-in. holes. The thickness of 
the plates was about 1} in., and both sides were 
machined. That was necessary on jolt machines, 
because, without a flat surface on the table, the 
job would shift somewhat. The cost of production 
was much less when using machines as against 
hand labour. It would be out of place, however, 
for him to give figures. Machines went wrong 
very rarely, and they often went six months with- 
out being stopped at all for repairs; in fact, he 
often wondered ,how he had ever managed with- 
out machines, because he had become so used to 
them. Machine ramming was much better than 
hand ramming for green sand work, as there was 
less scabbing. He had not to dry moulds, as he 
had had to do formerly in many cases, and quite 
big jobs were made in green sand—much, bigger — 
than the 4 ft. square boxes mentioned. 


Transport Problems. 


With regard to transport, he agreed with Mr. 
Beech that this was a bugbear where there were 
a lot of machines; they could only get one crane 
up at a time. He had one crane at his foundry 
which did nothing else but work round one 
machine. It was a 10-ton crane, geared rather 
fast, and, as the men did not draw any patterns 
or put any moulds together under that particular 
crane, they could work fairly fast. As to the 
jobs dealt with in the jolt ramming machines, he 
said he did not stop at anything. The jobs were 
not by any means all flat-backed ones. If he had 
a plate with an uneven surface, he rammed up 
the top part first and put the pattern on the top 
part, and then rammed the bottom part over the 
top part in that case. 

Mr. D. G. Marner (Messrs. Mather and Smith, 
Ashford, Kent) said he had been a little dis- 
appointed that Mr. Edgington had not said more 
about small hand machines, because in the South 
of England there was much more small work done 
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than large. He asked if Mr. Edgington would 
give his views on the machines which had been 
illustrated recently in Tue Founpry ‘Trape 
_Journat, namely, the hand jolt machines, as com- 
pared with hand squeezers. 

Mr. Eneineton said that, as between hand 
Squeezing machines and small jolt machines for 
repetition work—and by “ repetition work’? he 
meant jobs from which a large number had to be 
taken—he certainly preferred the small jolt 
machine, because, with the hand squeezing 
machine, if the pattern were not very shallow, one 
did not get the same hardness as with a jolt 
machine. There were jolt machines with turn- 
over gear which were doing some good work, and 
he preferred them to the hand squeezers. 

Mr. R. J. Suaw said the lecturer had referred 
to * setting the patterns in the moulding boxes 
by means ‘of wood strips’’ when preparing to 
ram them up with the ‘‘sand slinger,’? and he 
had been wondering what sort of accuracy was 
obtained and in what type of job that method 
“was used. He presumed it was something that 
was not very important, as it appeared to him 
that to match the top and bottom halves of the 
mould would be rather difficult even if only 
moderate accuracy was required. 

Mr, Eperneron illustrated the point by means 
of a sketch, and said the method was used only 
for large jobs. The man in charge of the machine 
cut two very small strips, say 14 in. wide and 
perhaps } in. deep, and those strips were placed 
in the box between the sides of the box and the 
pattern. That method gave him some degree of 
accuracy in the setting of his pattern, so that 
he did not get the job an inch over on one side 
or the other, 

Mr. J. W. Dunn asked Mr. Edgington if he 
preferred the sand slinger to the jolt rammer. 
His own experience was that the jolt rammer was 
much superior. He had not actually had experi- 
ence with the sand slinger in the foundries with 
which he had been concerned regularly, but he 
had spent a period in a foundry in which these 
machines were in use, and his impression was that 
they did not give a uniform job; there were too 
many joints. The deeper the job, the softer was 
the ramming at the bottom; when the sand was 
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rammed at the bottom of the box it spread out, 
and it was harder towards the top of the box. 
In what way would Mr. Edgington apply the sand’ 
slinger to oil sand cores? 

Mr. Enerneton replied that in this country we 
were not yet educated up to the sand slinger, 
and we were not getting out of it all that was _ 
possible, but we should do in time. His practice 
was to ram deep bottoms on the jolt machine in 
preference to the sand slinger. He had not yet 
made any special tackle for the sand slinger, but 
in course of time he would make the bottoms with 
a loose plate, so that there would be an open box 
to ram into with the sand slinger. When that 
was rammed up, the plate would be put on and 
bolted to the box. In many cases, instead of 
using lifters, he believed it would be advisable 
to use joint plates. In that case one simply had 
staples up the box instead of lifters. In a long 
box one would perhaps get four or five staples 
standing up when the ramming was finished, 
instead of 100 or 200 lifters, and in that way he 
believed we should get over the difficulties with 
the sand slinger. With regard to ramming up 
cores with the sand slinger, he had not attempted 
that yet, and he did not think he would for a 
time. Oil-sand ‘cores did not require much 
ramming, and it was sufficient, in some cases, for 
a man to put the sand into a box and ram with 
his feet. There were some jobs which would 
never be made on machines; it must be recognised, 
of course, that machines had their limitations, 
but, if a man could use a machine and effect a 
saving of 25 per cent. thereby, it was up to him 
to use that machine. There was no doubt that 
they could be used a great deal more than they 
had been up to the present, in spite of the diffi- 
culties in the foundry. 


Mr, W. B. Laks, dealing with the respective 
merits of the sand slinger and the jolt ramming 
machine, said he had them working side by side 
on the same job. That job was a comparatively 
small one, but his experience was that there was 
very little to choose between the castings pro- 
duced by either machine. So long as the head 
of the sand slinger was kept in the proper con- 
dition, he obtained as good a ramming from the 
sand slinger as from the jolt rammer. He used 
a steel sand, which was different from green sand. 


346 


Mr. KE. H. Brown asked whether it was really 
a paying proposition to use these machines for 
odd jobs in smaller work, such, for example, as 
small slide rest sections or similar simple parts, 
weighing, perhaps, 7, 14 or 28 Ibs. apiece. Were 
the advantages to be derived from the use of 
machines on that class of work worth the extra 
expenditure involved? 


Mr. Enerneton said he did not think it would 
be worth while to use the machines for one job 
in that class of work, but there was no doubt 
that when.six or a dozen were taken off it was 
worth while. It must be recognised that every 
job had to be considered on its merits. It did 
not follow that, because one had a machine, one 
must use it for every job, whether it paid to do 
so or not; every job must be made to stand on 
its own feet, and it was up to the foundry fore- 
man to use his common sense. It was a question 
of shop management. 

Mr. BarrraM proposed a very hearty vote of 
thanks to Mr. Edgington for his Paper. 


Mr. J. Exzis (Past Branch-President), who 
seconded, said he had had a good deal to do with 
moulding machines, and had met with some very 
curious experiences. He referred to one case in 
which a man was making a job, at 2d. apiece, on 
a hand-rammed turn-over moulding machine; in 
the same foundry the same job could be made on 
the floor for 14d. each. In another foundry 
there was a very elaborate power machine, and 
motor flywheels were being moulded. At the 
same time, another foundry not far away was 
making the same things at a cost which was less 
than the cost of upkeep of the moulding machine 
used in the former foundry. He was not 
antagonistic to the use of moulding machines, 
because he believed that, rightly applied, they 
were going to be the salvation of the foundry, 
but the great difficulty was to get the manage- 
ment of a foundry to appreciate their proper 
application. Some people installed, moulding 
machines, regardless of the work they were going 
to put on them, and that was the great fallacy. 
There were some machines, no doubt, which would 
give far better results than hand moulding could 
do, but, on the other hand, there were some which 
could not, and it was up to the foundryman to 
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have a voice in the selection of these machines. 
In conclusion, Mr. Ellis expressed the hearty 
thanks of the meeting to Mr. Edgington. 

The vote of thanks was carried with acclama- 
tion. 

Mr. Epeineton briefly acknowledged the vote 
of thanks, and the meeting closed. 
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Birmingham, Coventry and West 2 
Midlands Branch. 


THE MANUFACTURE OF SPECIAL CAST IRON. 


By A. Marks, Member. 


Mr. Marks said the problem of obtaining per- 
fect castings was one which involved the co-opera- 
tion not only of the metallurgist but of the 
foundryman. In that connection it must be 
remembered that the definition of a practical man 
was rapidly undergoing a change. It was like 
the old German chemist’s definition of a chemist, 
that a chemist who was not a physicist was not a 
chemist at all. Perhaps it was now being realised 
that the metallurgist was not a metallurgist who 
was not a physicist. The metallurgy of cast iron 
and the structures of the diagrams had been 
worked out largely by physicists. Alluding to 
high-tensile cast irons, Mr. Marks said that in the 
case of automobile engines they did not reach 
such stresses or temperatures that anything very 
special was required. He had run _ air-cooled 
engines at red heat, though one did not do it as 
a regular thing. Diesel engines frequently 
attained red heat, so that high-tensile cast iron 
was mostly considered from the point of view of 
the Diesel engine, automobile engines not being so 
important from that aspect. They could have an 
absolutely flawless automobile cylinder any time 
they liked provided they were prepared to pay the 
price of it. He contended that owing to lack of 
real technical training in the people put on in- 
spection of automobile castings, automobile 
cylinders were scrapped which for practical pur- 
poses were perfect. He had made automobile cast- 
ings for every well-known car in the Midland area, 
both air-cooled and water-cooled, and he was 
speaking out to the automobile trade in general 
when he said that the inspection of automobile 
castings was not done on a technical basis, nor was 
it done on a business basis. Material which for 
practical purposes was perfect, was scrapped on 
account of technical ignorance in the inspection 
departments. 
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Cast Iron for Automobiles. 


Cast iron for automobile purposes did not really 
demand an exceptional iron. What it demanded | 
was an iron which could be cheaply machined 
and which would be sound and thave a reason- 
able amount of wear. | Cast iron which could 
be machined at a reasonable speed had a reasonable 
amount of wear, but if high wearing qualities 
were required it could not be expected that they 
could run their tools at the speeds which could ‘be 
put on to common cast iron. The automobile 
engineer got it into his head that he must have 
specially good cast iron, and laid down a Brinell 
hardness test of 220. Then he designed his auto- 
mobile cylinders with a barrel thickness of, say, 
2 in., and his outside casing 5/32 in. If he got 
232 hardness on his barrel casing, by. the com- 
mercial methods in use at the present moment, he 
would get on his water casings a white iron which — 
would very soon crumple up. That demonstrated 
one of the follies of laying down a hardness speci- 
fication in a job of that kind. There were many 
automobile. engineers within fifty miles of Bir- 
mingham who were insisting upon a hardness test 
in the case of automobile cylinders, and blaming 
the foundryman if the test was not met, and | 
scrapping them, and who yet had not the most 
elementary knowledge of the relation between 
Brinell hardness and wear. For practical purposes _ 
there was very little connection between Brinell 
hardness and wear. There was nothing more pain- 
ful to him than to see an automobile casting sent 
round to the various foundries with a chemical 
specification on it. 


Fords Cylinder Specification. 


The only specification for automobile castings he 
had seen which was worth the paper on which: it 
was written was one which emanated from Fords 
for automobile cylinders. In that case the man who 
wrote it evidently had some idea of what was 
required in the composition of cast iron. Certain 
schools of engineering held the view that combined 
carbon was a measure of wearing qualities, and 
they would specify a minimum combined carbon. 
It might be 0.6 per cent. The combined carbon: 
might be 1.2 in the jacket, but as low as 0.6 per 
cent, in the barrel, because the rate of cooling for 
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the barrel was totally different from the outside 
jacket wall. It was possible to have combined 
carbon 0.4 or 0.8 per cent. and still have wearing 
qualities as good in the iron as with the combined 
carbon at 0.8 or 0.9. After specifying a certain 
hardness figure for the cast iron, the automobile 
engineer would put his piston into the cylinder 
.with a set of piston rings—sometimes two, some- 
_ times three—and he would put on those piston 
rings a definite pressure. He then argued that so 
long as he had a certain pressure on the rings, 
provided the pressure per square inch was not 
above a certain amount, his automobile would 
be all right. It would be all right from the 
point of view of the escape of gas. But at 
the ends the rings were narrow, and so long as 
they were free to oscillate slightly they would act 
as scrapers on the cylinder wall, so that the design 
of the ring on the piston was of far more 
importance to the wear of the iron than the ques- 
tion of the composition. In the case of Diesel 
engines they were working at higher temperatures 
and stresses, so that the tensile strength and 
resistance to heat were of the first importance. 
It had been found that strength at high tempera- 
tures was chiefly a question of keeping down two 
factors, namely, the graphite and the silicon: 
Ordinary 3 per cent. or 2 per cent. silicon iron 
would, if heated continually, decompose and give 
what was termed growth—that was assuming the 
temperatures were fairly high. Growth had been 
known in a super-heated steam-engine casting 
where the silicon was as low as 2.0 per cent., but 
the movement was in the right direction when 
they reduced the silicon. It was- not usually a 
commercial proposition to put into an automobile 
engine an iron with much less than 1.6 per cent. 
of silicon, and a commoner figure was of the order 
of 2.0 per cent. That ‘iron, if heated, would 
decompose, but the reduction of strength was not 
very important, because most of the engines were 
sufficiently well water-cooled to keep the tempera- 
ture well below anything serious. In Diesel engines 
it was not possible to keep the temperatures 
down. One of the chief faults of the Diesel engine 
was that it was cooled with sea water, and there- 
fore very soon after it left the builder’s hands it 
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began to silt up. He had frequently seen deposits 
taken from the cylinder head which were 8 in. 
thick. Where the iron was underneath such a 
deposit as that and was subjected to the tempera- — 
ture of a Diesel engine it was not likely that the 
iron was going to be affected by the cool water. 
The engines were run at a warm temperature 
because the knock sounded a little more gentle. 
No engineer would think of running a steam boiler 
with his furnaces caked with a quarter or half 
an inch of scale. Therefore the design of the 
engine should be altered or the cooling should be 
effected by means of purer water than sea water. 
No foundryman or metallurgist could produce 
iron which would stand up to conditions of that 
kind, although they tried to, and got blamed for 
failure. The engineer ought to come to their 
rescue by making conditions impossible in his 
engine which necessitated special iron. Instead, 
the engineer judged cast iron on those conditions, 
and in some cases he resorted to steel. He had 
known where Diesel engines of certain types had 
been built with a steel cylinder head and cylinder, 
with the result that the foundryman had had to 
make five or six of the heads before he obtained 
a sound one, on account of the difficulty of casting 
in steel. 


Establishing Suitable Compositions. 


In trying to meet the conditions put up to 
them by the engineer they first of all had to 
get their silicon suitable. Cast iron contained six 
elements—relatively a small amount of iron, com- 
bined carbon or graphitic carbon, silicon, sulphur, 
phosphorus and manganese. The part of the 
diagram with which they were concerned ran from 
about 1.7 per cent. of carbon—the border line of 
the steels—up to the maximum solubility of 
carbon, about 4.6. An iron containing a per- 
centage of, say, 1.7 gave a structure when it was 
cold showing three main things—graphite, cemen- 
tite and pearlite. That took no account of the 
silicon, sulphur, phosphorus and manganese, and 
no diagram was possible. A great deal of work in 
connection with cast iron was based upon con-. 
siderations not of the whole of the elements, but 
upon considerations of the influence of each 
‘element, and then the application of experience 


352. 


to the settling of the exact composition ‘to use. 
Manganese was one of the most useful agents for 
giving toughness and wearing qualities. . The 
absence of phosphorus contributed to strength; 
they therefore brought that down to a minimum. 
On the other hand, by bringing it down toa mini- 
mum the foundryman met with difficulties. There- 
fore, they endeavoured to run it at about 0.3 per 
cent. The sulphur was a function of cupola prac- 
tice and of the iron. The iron as delivered to them 
rarely contained any percentage of sulphur that 
it was necessary to worry about; they added to 
it in the cupola. The silicon was a factor they 
controlled, and should be about 1 per cent. Diesel 
castings, according to thickness, could be run at 
from 0.5 of silicon or even less, up to 1.4 or 1.5. 
-For Diesel cylinder-heads they ran the silicon 
round about 1 per cent., and what he might term 
Diesel iron frequently contained about that per- 
centage of silicon, They controlled the combined 
carbon and graphite by manufacturing the iron 
in an open-hearth furnace or cupola with suitable 
variations in the amount of coke and the amount 
of steel added to the iron. The amount of graphite 
present was the chief factor in strength, and 
consequently the amount of silicon, because the 
silicon decomposed the cementite when the tem- 
perature began to get up. In moulds of a com- 
plex character they had to use chills to overcome 
the troubles known as shrinks and draws. Shrinks 
were usually due to gas, and whilst chills were 
useful even in removing the gas they were only 
an indirect means of producing the result 
required. A mould which would be perfectly satis- 
factory when it did not contain a chill at all would 
be useless in a mould containing chills. As they 
approached a steel character in order to get up 
the strength they had a material which would 
chill more rapidly. Further, as they reduced the 
graphite the iron became more sluggish. They 
balanced that by putting up the phosphorus 
slightly. If there was a high phosphorus-content, 
however, they obtained a metal which was brittle. 
About 0.3 per cent. of phosphorus would give them 
a satisfactory composition. Where the mass of 
the metal was. relatively large to the mass of the 
mould as it was when they were casting a large 
standard Diesel engine casting, the mould had no © 
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chilling effect, and they gota pearlitic iron without 
any special precautions. 4 

Before showing a number of lantern slides, Mr. 
Marks gave the composition of two strong irons 
- as follows:—(1) Combined carbon, 0.72; total 
éarbon, 2.6; silicon, 1.5; sulphur, 0.08; and man- 
ganese, 0.63 per cent. (2) Combined carbon, 0.64; | 
total carbon, 2.74; silicon, 1.1; sulphur, 0.07; and 
manganese, J].1 per cent. 


DISCUSSION. 

Referring to the inspection of automobile 
cylinders, the Cuarrman said it broke one’s heart 
to see perfectly usable castings thrown out te- 
cause perhaps on the foot there was a little sand- 
hole. The relation between hardness and wear 
was a very much debated subject upon which 
there seemed to be no agreement whatever. There 
was also a variation of opinion with reference 
to machining speeds. He regarded the Paper as 
quite one of the most interesting that they had 
heard. 

In proposing a vote of thanks to Mr. Marks, 
Mr. A. Hartey alluded to the relation of hard- 
ness and wear, remarking that it was not only a 
matter as to which there was a great deal of 
difference of opinion, but a great deal of 
ignorance. He wondered if Mr. Marks had noted 
whether ordinary 20 per cent. semi-steel was more 
subject to wear than ordinary close-grained 
cylinder iron. Machine speed was a very im- 
portant factor in automobile work. The engineer 
wanted to machine his castings at good machining 
speed, and they had to compromise to some extent 
in that matter. He sympathised with the remarks 
that had been made on the subject of the scrapping 
of good cylinders. Sse 

Mr. D. Wiixr1nson said there was no question- 
ing the fact that very serious losses occurred to 
the community at large. through the super- 
inspection of automotile cylinders. He thought 
the average inspector ought to rid his mind of 
the idea that it was his duty to throw material 
away. At the same time, 1t was possible that 
the existing super-inspection had had the effect 
of making the foundryman much more capable 

N 


Lads | ees! 


and careful. As regarded Diesel engine castings, 
_the only experience he had had was in the making 
of steel heads, and he could not agree with Mr. 
Marks’ views regarding those of steel heads. 
About a couple of years before the war the 
foundry with which he was then connected received 
a blue print from a firm in a neighbouring town 
which used a Diesel engine. They explained that 
they had had continual trouble with the cylinder 
head, and wanted to know if a steel one could 
be made. His firm undertook the task, and made 
four. They were about 8 cwts, each; all the four 
were good, and they answered very successfully. 
They certainly had a fair number of chills in 
them, but the way they overcame the trouble 
which they anticipated, which was that definite 
cracks would develop in the thin dividing sections, 
was by heating the mould to the highest possible 
temperature. Then, during the war, at another 
steel foundry, they did quite a number of heads, 
but for a smaller type of oil engine, weighing 
about 3 cwts. They made eighteen or twenty, and 
out of the lot only one was defective, and they 
were said to function in a perfectly satisfactory 
manner. He had on more than one occasion 
expressed the opinion that if some of the more 
intricate and difficult Diesel engine castings 
where the parts were not subject to wear were 
made in steel, the Diesel engine might be more 
reliable than it was to-day. The tendency in 
Diesel-engine-castings, with the low carbon they 
had, was to approach a steel character. Per- 
sonally, he had never been able to get down to 
2.8 per cent. carbon in any cupola-made metal. 
He would like to know whether the figure quoted 
by Mr. Marks was a laboratory figure or an actual 
practical figure. 


The vote of thanks was heartily accorded. 


Replying to some of the points raised in the 
discussion, Mr. Marks said there was a sample of 
pig-iron on the table which had been produced in 
the blast furnace. Mr. Wilkinson could have a 
sample and analyse it, and so satisfy himself 
that even in the blast furnace it was possible to 
produce as low total carbon as 2.8. 

On the proposition of Mr. D. H. Wood, 
seconded Ly Mr. Starr, the Chairman was warmly 
thanked for presiding. 
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THE INFLUENCE OF SPECIAL ELEMENTS ON © 
GREY CAST IRON. 


By J. W. Donaldson, B.Sc. (Associate Member). 

The effect of the addition of special elements to 
grey cast iron has received a fair amount of atten- 
tion during recent years. This has been due to 
two causes. First, the attention of foundrymen 
has been directed to this question by the exten- 
sive use of alloy steels on account of their special 
properties. Second, the ironfounder, in common 
with other manufacturers, has been called upon 
to produce castings of complicated design to meet 
the demands of modern engineering practice. In 
this Paper an attempt is made to summarise and 
review the work that has been done and to arrive 
at some conclusion. 

The normal constituents of cast iron are carbon, 
silicon, sulphur, phosphorus and manganese. Most 
commercial irons contain traces of other elements 
such as nickel, chromium, copper, arsenic and 
titanium, but the amount present is usually so 
small that the irons cannot be regarded as alloy 
cast irons. There is sold, however, a commercial 
pig-iron known as Mayari pig-iron, which contains 
about 2 per cent. of chromium and 1 per cent. of 
nickel. 

The investigations which have been made on the 
influence of special elements on cast iron have 
usually been confined to the influence of small 
amounts of these elements. This is no doubt due 
to the high cost of the special elements, together 
with the difficulties experienced in melting and 
casting irons containing high percentages of those 
elements. The elements which have been investi- 
gated and which are now considered are man- 
ganese, chromium, nickel, chrome-nickel, tungsten, 
molybdenum, vanadium, copper, tin, aluminium 
and titanium. 

Manganese. 


The influence of manganese on grey cast iron 
has been investigated by Coe, Keep, West, Hama- 
sumi, and the author. As regards the effect of 
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manganese on the strength of cast iron, Keep con- 
cludes that it has little influence, while the other 
investigators show that both the strength and 
hardness increase with increasing percentages of 
manganese, As the amount of combined carbon 
remains practically the same, it has been sug- 
gested that the increase in tensile strength of high 
manganese iron is due toa matrix change, namely, 
pearlite changing to sorbite. The shrinkage 
increases with increasing manganese content, and 
irons containing over 3 per cent. of manganese are 
‘difficult to machine unless the silicon is over 2 per 
cent. The casting properties of those irons, such 
as fluidity and freedom from gases, are good, and 
sound castings are obtained. 


Chromium. 


The earliest work on the influence of chromium 
on cast iron is that of Keep, who experimented on 
grey cast iron with chromium additions up to 
2 per cent. His results show a slight increase in 
strength up to 1 per cent., then a decrease. The 
shrinkage was increased when less than 1 per cent. 
was added. Campion, in a later investigation, 
found that 1 per cent. of chromium increased the 
strength and hardness and also the proportion of 
combined carbon. Hurst states that in a cast 
iron containing 1 per cent. of silicon an addition 
of 0.9 per cent. chromium rendered the fracture 
quite mottled, and 4 per cent. chromium added 
to an iron containing 1.5 per cent. silicon rendered 
the fracture perfectly white; and that drastic 
annealing at 900 deg. to 950 deg. C. failed to pro- 
duce graphite. He also states that increasing the 
silicon content tends rapidly to reduce the stability 
of the carbide. A cast iron containing 3.15 per 
cent. silicon and 6.94 per cent. chromium gaye a 
Brinell hardness of 460 on a sand-cast bar, and a 
chill-cast bar could only be filed with difficulty. 
The same alloy containing 1.46 per cent. silicon 
was glass-hard and white. The systematic investi- 
gations of Smalley with chromium additions to 
ordinary grey cast iron and cylinder iron showed 
that with both irons small additions of chromium 
0.11 and 0.15 per cent. increased the strength and 
hardness slightly, while with the larger addition 
of 0.78 per cent. to the ordinary iron the tensile 
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strength fell. The transverse strength is little 
affected, and the Brinell hardness increased. A 
similar addition of chromium to the cylinder-iron 
produced an increased transverse strength and 
Brinell hardness, but little change in the tensile 
strength. Piwowarsky’s experiments show that 
with up to 0.5 per cent. of chromium the strength 
and shock-resisting properties of cast iron are ~ 
increased to the extent of about 10 per cent., while 
the hardness increases from 20 ‘to 25 per cent. 
The author’s investigations carried out on a good 
eylinder iron with chromium additions of 0.19 per 
cent. and 0.39 per cent. show an increase of 5 per 
cent. and 10 per cent. in the strength and 5 per 
cent. and 11 per cent. in the Brinell hardness 
respectively. Recent experiments of Hamasumi 
show that chromium strengthens cast iron from 
16.5 to 22.8 tons per sq. in. in an alloy containing 
0.4 per cent. of it without materially altering the 
structure. 

Summing up the results of those investigations, 
it appears to be definitely established that 0.5 per 
cent. of chromium in the presence of 1 to 2 per 
cent. of silicon increases the tensile and transverse 
strengths and the hardness of grey cast iron. This 
increase in strength is brought about by the 
chromium preventing the formation of graphite 
and producing a more stable double carbide of 
iron and chromium, which crystallises out with 
the pearlite. 


Nickel. 


Experiments on the influence of nickel on grey 
cast iron have been numerous. (Keep added 
metallic nickel up to 0.75 per cent. to a grey 
machinery iron, and came to the conclusion that 
no advantage could be expected from small addi- 
tions of this element. Guillet found that nickel 
caused precipitation of graphite, pearlite dis- 
appeared as the nickel increased, and cementite 
became more or less acicular in form. Thaler 
stated that the addition of 1 per cent. of nickel 
caused the separation of 50 per cent. of the 
‘graphite, and with further additions up to 48 per 
cent. nickel, graphite gradually increased until 
85 per cent. of the total carbon existed as such. 
Hatfield also expressed the opinion that the pre- 
cipitation of graphite is facilitated by nickel, and 
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by doing so nickel acts as a softener, but is useful 
in no other direction. Campion found by adding 
1 per cent. of nickel to grey cast iron the graphite 
was increased from 2.54 to 2.77 per cent., also 
that there was an increase in strength but a 
decrease in hardness. Smalley’s grain-refining 
experiments show that 0.5 per cent. of nickel have 
a densening effect on the structure of grey cast 
iron. Such a quantity, however, does not affect 
the hardness. The experiments of Piwowarsky 
_ confirm the influence of nickel in | producing 
graphitisation. They also show that a moderate 
nickel content of 0.5 to 1 per cent. improves the 
mechanical properties of grey cast iron by 20 to 
30 per cent. With a higher content up to 2 per 
cent., owing to too favourable graphitisation, a 
falling off takes place. This improvement of the 
properties by nickel is attributed to mixed crystal 
formation. The author’s own experiment of adding 
0.75 per cent. of nickel to a cylinder iron produced 
no increase in either strength or hardness. Gene- 
rally speaking, the influence of nickel on grey cast 
iron is to produce no material advantage. 

An investigation on the combined. effect of 
chromium and nickel by Piwowarsky showed that 
certain relative proportions of these elements 
increased the tensile and transverse strengths, as 
well as the hardness and compressive strength, 
without diminishing the resistance to shock and 
deflection. It was also shown that in the presence 
of chromium, nickel has nothing like such a power- 
ful effect in precipitating graphite as when present 
alone. The author’s experiments with two chrome- 
nickel irons indicated that adding chromium and 
nickel in the proportion of 2 to 1 allows of the 
use of a higher percentage of chromium, although 
the benefits derived from the increased chromium 
were more than diminished by the accompanying 
nickel. 

Tungsten. 


The influence of tungsten on cast iron was first 
investigated by Campion, who found that 1 per 
cent. of tungsten increased the strength but 
reduced the hardness. He also stated that 1.5 per 
cent. of tungsten added to a grey iron containing 
combined carbon 0.65 per cent., graphitic carbon 
2.70 per cent., manganese 0.5 per cent., raised the 
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tensile strength from 11.8 to 17.9. tons per sq. in., 
and in another case the result was 20.8 tons per 
sq. in. with 1.28 per cent. tungsten against 13.4 
tons in the ordinary iron, In Smalley’s: grain- 
refining tests, where from 0.1 to 1 per cent. of 
tungsten was added, only a slight improvement 
was obtained on ordinary iron. Piwowarsky’s ex- 
periments indicated that 0.5 per cent. of tungsten 
favourably influenced the mechanical properties 
of cast iron. In addition to increasing the ten- 
sile, transverse and compressive strengths, there 
is also an increase in the shock-resisting proper- 
ties. The effect of tungsten on the carbon is to 
promote feeble graphitisation, the improvement in 
the mechanical properties being attributed to. the 
formation of mixed crystals of iron and tungsten, 
giving rise to a new structural constituent of 
tungsten-ferrite. The addition of 0.2 per cent. of 
vanadium, in addition to the tungsten, produced 
no material effects. Adding 0.475 per cent. 
tungsten to a cylinder iron, the author raised the 
tensile strength from 16.6 to 17.6 tons per sq. in. 


Molybdenum. 


The addition of molybdenum to cast iron was 
first investigated by Campion who found that 1 per. 
cent. of molybdenum increased the strength and 
reduced the hardness. Smalley’s preliminary ex- 
periments showed that 0.1 per cent. of molyb- 
denum closed the grain of grey cast iron without 
appreciably affecting the hardness, and led to 
further experiments. The addition of 0.15 per 
cent. of molybdenum to an ordinary grey iron con- 
taining 2.0: per cent. silicon, reduced the tensile 
and compressive strengths and the chilling power, 
exerted little effect on the Brinell hardness, and 
increased slightly the transverse strength and 
deflection. Increasing the quantity to 0.25 per 
cent. slightly reduced the chilling power, in- 
creased the transverse strength and _ deflec- 
tion, but did not affect the other properties. 
In the presence of 0.5 per cent. of molybdenum, 
apart from the chilling power which is slightly 
reduced, all the other properties are improved, 
especially the compressive and _ transverse 
strengths. The effect of small quantities of molyb- 
denum was more marked in cylinder iron contain- 
ing 1.25 per cent. silicon, 0.12 per cent. improving 
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the mechanical properties, but reducing the chill- 
ing power. The addition of 0.24 per cent. molyb, 
denum further improved the tensile strength with- 
out affecting the hardness, compressive and trans- 
verse strengths. In all the irons neither the 
fluidity nor total shrinkage was affected by the 
molybdenum additions. Further tests were car- 
ried out adding 1.5 per cent. of molybdenum to a 
special cylinder iron when the tensile, compres- 
sive and transverse strengths were increased by 
25, 22 and 9 per cent. respectively. On common 
erey iron 1.5 per cent. of molybdenum exerted a 
similar all-round improvement although to a lesser 
extent. As regards the carbon, the tendency of 
molybdenum is to reduce rather than increase the 
amount of carbide. Machining properties are 
affected by over 0.5 per cent. molybdenum, the 
iron becoming exceedingly difficult to cut. Piwo- 
warsky’s tests show that molybdenum produces 
practically the same effect on grey cast iron as 
does tungsten on a similar iron and confirms those 
-of Smalley with up to 0.5 per cent. molybdenum. 
A further increase to 1.0 per cent. molybdenum, 
however, produces no further increase. The. addi- 
tion of 0.2 per cent, vanadium as well as molyb- 
denum does not produce any better results. 


Vanadium. 


It has been shown that vanadium in small quan- 
tity in conjunction with tungsten or molybdenum 
does not produce any material benefits in grey cast 
iron. Investigations carried out on the influence 
of vanadium alone have been extensive, but con- 
tradictory results have been obtained. Moldenke’s 
experiments with vanadium additions up to 0.36 
per cent. give inconclusive results. Kent Smith 
showed that with 0.15 per cent. of vanadium there 
was an improvement in the tensile, transverse and 
compressive strengths. He states that the prin- 
cipal action of vanadium is as a scavenging agent 
for removing oxygen and nitrogen. Norris agrees, 
generally, with Kent Smith’s conclusions, and 
states that vanadium exerts a strong influence in 
refining the grain, eliminating porosity, and pro- 
moting soundness, increased strength, resistance 
to wear and rigidity. Hatfield’s experiments on 
the heat treatment of white cast iron containing 
vanadium, show that vanadium tends to maintain 
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the carbon in the combined condition, and to pre- 
vent the precipitation .of graphite. Campion 
found that 0.15 per cent. and 0.25 per cent. of 
vanadium increased the strength but diminished 
the hardness of cast iron. Smalley’s experiments 
with 0.1 per cent. vanadium additions do not con- 
firm the hardening effect of this element. Unlike 
the previous investigator, Piwowarsky shows that 
this element produces the formation of carbide. 
The effect of vanadium appears only with additions 
over 0.5 per cent., and then very suddenly, and is 
most marked in the lower silicon irons. The trans- 
verse and compressive strengths increase, also the 
hardness which is increased to such an extent that 
the irons can no longer be regarded as commercial 
irons. The author’s own experiment with 0.125 per 
cent, of vanadium produced a slight increase in 
tensile and transverse strengths and also in hard- 
ness, 
Copper. 


Investigating the influence of copper on cast 
iron, Lupin concluded that while the addition of 
the element was not beneficial, its presence had 
no detrimental effect. There was a slight graphiti- 
sation effect on the carbon and the tensile strength 
increased from 19 to 22 tons per sq. in. with 4.9 
per cent. of copper. Smalley found that the addi- 
tion of 0.5 per cent. of copper tended slightly to 
increase the hardness although there was a slight 
decrease in the combined carbon. Hamasumi found 
that with copper additions up to 4.0 per cent. there 
was a steady increase in the tensile strength and 
Brinell hardness, and the alloys appeared to be 
tough. As regards the effect on the carbide erra- 
tic results were obtained. 

, Tin. 

Guillet investigated the influence of tin on grey 
cast iron, and found this element to considerably 
increase the hardness, and that the hardness was 
maintained at high temperatures. Hamasumi’s 
tests with up to 6 per cent. of tin show that up 
to 2 per cent, it increases the strength and hard- 
ness slightly, but with over 2 per cent. the irons 
become hard and brittle. 


Aluminiui, 


Investigations by Mefland and Waldron show 
that the influence of aluminium up to 0.5 per cent. 
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on cast iron is similar to that of silicon. The total 
carbon is reduced, and the graphite precipitated. 
Addition of aluminium over 0.5 per cent. produced 
a reversion, the carbide becoming more stable, 
and it was suggested that this was due to the for- 
mation of a double carbide of iron and aluminium. 
Recent tests by Piwowarsky do not confirm this, 
additions of aluminium up to 0.8 per cent. pro- 
ducing graphitisation. In the presence of low 
silicon there is an increase in the transverse 


strength and shock-resisting properties, but a con- — 


siderable decrease in the hardness and compressive 
strength. 
Titanium. 

Early investigations by Moldenke show that a 
small addition 0.05 per cent, of this element in- 
creases the transverse strength but that larger 
additions produce no further advantage. Piwo- 
warsky’s recent experiments confirm this, 0.1 per 
cent. of titanium producing maximum graphitisa- 
tion. 

Heat Treatment of Alloy Cast Irons. 

To ascertain how alloy cast iron would behave 
when subjected to temperatures such as would be 
experienced in internal combustion engines, a 
series of heat treatment experiments were carried 
out by the author. The irons tested were a plain 
‘cylinder iron and irons of similar composition con- 
taining manganese, chromium, nickel, vanadium, 
tungsten and chrome-nickel. These alloy irons were 
selected, as the elements contained in’ them had 
produced the most satisfactory results on grey cast 
iron in its cast condition. It has since been re- 
gretted that a molybdenum iron was not included 
in the series. 

The heat-treatment experiments were carried 
out under three sections: —(1) Prolonged heating 
tests for 200 hours at 450 deg, C. and 550 deg. C. 
respectively; (2) elevated temperature tests as cast 
and after the above prolonged heat treatment; 
(3) growth tests.. 

The results obtained from the first series of 
tests indicated that in all the irons low-tempera- 
ture heat-treatment decomposed the carbide with 
a corresponding decrease in the strength and 
hardness of the material. The increasing of the 
manganese from 0.97 to 2.43 per cent., or the 
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addition of 0.392 per cent. of chromium or 
0.475 per cent. of tungsten had a stabilising 
effect on the carbide; whereas an addition of 
0.746 per cent. of nickel or 0.124 per cent, of 
vanadium accelerated graphitisation. The chro- 
mium produced the most satisfactory result, the 
manganese and tungsten, while increasing the 
stability of the carbide over that.of the plain iron, 
did not’ produce the same stability as the smaller 
amount of chromium. In the iron containing 
both chromium and nickel,. chromium exerted the 
predominating influence, the - nickel, however, 
allowing of the introduction of a larger percent- 
age of chromium. 

The second series of tests carried out on the 
plain, the chromium, the tungsten, and the 
chrome-nickel irons indicated that if either of 
those irons is subjected to prolonged heat treat- 
ment at temperatures ranging from 450 deg. C. 
to 550 deg. C. the elevated temperature tests 
obtained in their cast condition cannot be taken 
as representative. In the cast condition the 
tendency is for the strength of iron to diminish 
slightly as the temperature rises and then to 
increase again with a further rise in temperature, 
attaining a maximum in the neighbourhood of 
400 deg. C., after which the strength rapidly 
diminished with increasing temperature. After 
prolonged heat treatment there is a diminution in 
strength which falls off uniformly and regularly. 
This decrease in strength is fairly large, showing 
in the case of the plain iron, when tested at 
400 deg. C., decreases of 21 and 27 per cent. 
after heat treatment at 450 deg, C. and 550 deg. C. 
respectively, and in the case of the chromium iron © 
decreases of 4 per cent. and 15 per cent. after 
similar treatment and when tested at the same 
temperature. The relative increases in tensile 
strength for the chromium, tungsten and chrome. 
nickel irons, over the ordinary cylinder iron, when 
tested at 400 deg. C. after prolonged heat treat- 
ment at 450 deg. O., are 32, 13 and 17 per cent. 
Breaking at 400 deg. C. after a 500 deg. C, treat- 
ment the corresponding increases are 38, 30 and 
25.5 per cent. 

The amount of growth which takes place in all 
the irons at 550 deg. C., as determined in the 
third series of experiments, was small when com- 
pared with an ordinary foundry iron. In the 
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cylinder iron growth attained a maximum after 10 
heatings of 8 hours duration, when the volume 
increased by 0.13 per cent. The manganese and 
vanadium irons showed the most growth to take 
' place during the first 10 heatings and then slowly 
to. 25. heatings with a slight tendency to 
rise; change of volume after 26 heatings 
amounting to 0.17 per cent. Growth ‘in 
nickel iron takes place slowly at first 
but increases with the number of heatings yield- 
ing a volume change of 0.25 per cent. after 25 
heatings and still increasing. There was little 
change with the tungsten iron, a maximum ‘of 
0.04 per cent. being obtained after 10 heatings. 
With chromium there was a contraction in place 
of growth. The contraction takes place slowly for 
10 heatings, then more rapidly to 20 heatings, then 
slowly again to 25 heatings, where the volume has 
decreased by 0.27 per cent. The chrome-nickel 
iron did not show contraction, although the 
chromium content was higher than in the chromium 
iron, the effect of chromium in producing contrac- 
tion evidently being prevented by the presence of 
nickel. The growth attained was a maximum of 
0.08 per cent after 20 heatings. 


Conclusions. 


Considering the various investigations that have 
been carried out and summing up the results so 
obtained, one or two definite conclusions may be 
arrived at. 

(1) The special elements which exert the most 
influence on the properties of grey cast iron are 
chromium, manganese, tungsten, molybdenum and 
chrome-nickel. These elements not only improve 
the properties of cast iron in its cast condition, 
but in all cases, assuming that the molybdenum 
behaves similarly to tungsten, the stability of the 
irons is increased under low temperature (450 
to 550 deg. ©.) conditions. Chromium to the 
extent of 0.4 per cent. gives better results than 
slightly larger amounts of tungsten or molybdenum 
or than 2.5 per cent, of manganese. The last 
three elements in the proportions stated give 
somewhat similar results so that it is doubtful if 
any material advantage would be gained by using 
the more costly and more difficult alloying tung- 
sten or molybdenum in preference to manganese. 
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The combined effect of chromium and nickel is 
that the nickel allows of the addition of a larger 


"percentage of chromium although the benefits — 


derived from the increased chromium are more 
than diminished by the accompanying nickel. 
Better results would no doubt be obtained by 
omitting the nickel and increasing the chromium 
either in the presence of additional silicon or by 
casting in heated moulds. : y 

(2) Nickel, vanadium, copper, and tin produce 
slightly better properties in grey cast iron in its 
cast condition. The first two elements, however, 
accelerate graphitisation under heat treatment 
and it is possible a similar result would be pro- 
duced by copper. The effect of tin on the 
stability of the carbide under heat treatment has 
not been investigated, but there are indications 
that it might have a stabilising effect. 

(3) Addition of aluminium or titanium pro- 
duce no beneficial results, but rather tend to pro- 
mote rapid graphitisation. 


DISCUSSION. 


- Mr. J. Saw, after congratulating the author 
on the excellence of the Paper, stated that Mr. 
Donaldson had put before them such a mass of 
data from various sources that he (Mr. Shaw) 
would require’ some time to read and digest it, 
before attempting to offer any criticism. He 
therefore, confined his remarks to Mr. Donald- 
son’s own figures. He was pleased that the author 
had used as his base material a pig-iron of uniform 
composition, but one also that contained all the 
elements in proportions found in a good com- 
mercial pig-iron, and that his base was not a 
washed iron, but one where all effects of ordinary 
amounts of Si, S, P, C and Mn come into play. 
The results were such that any foundry with con- 
trol could duplicate. Taking the table giving 
additions of Mn, Cr, Ni, one found that the ten- 
sile strength simply followed the increase of ©.C., 
and it was open to the construction that if the 
original iron had had its C.C. increased only 
similar results would have followed without the 
alloy additions. If they took the effect of Ni, -a 
recent Paper by Wickenden proved fairly con- 
clusively that small additions of Ni, such as Mr. 
Donaldson used, were harmful instead of 
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strengthening, if the Si was much above 1 per 
cent. The Ni acted simply as silicon in cases 
where the latter was about 2 per cent and reduced 
the combined carbon and strength. The same 


author had also pointed out that the increased 


hardness due to fairly high percentages of Ni was 
due’ to the closer uniform harder sorbite formed, 
which at the same time machined easier. 


During their experiments on chilled rolls they 
found that a difference of 4 points in the total 
carbon content of an iron acted exactly in the 
same manner as an increase or decrease of 3 points 
of silicon on the same material, so that in all 
deductions the difference in total carbon must be 
taken into account. While they had done a little 
work on the effect of annealing certain castings 
at high temperatures, the work under actual service 
conditions had not been at work long enough to 
draw clear conclusions. Some dies containing 0.703 
per cent. Cr, and 0.445 per cent. Ni were taken 
up to 950 deg. C., and had given good service. 
The Brinell number was reduced from 512 to 269, 
yet there was no appearance of graphite. Other 
rings of this type after being annnealed twice at 

950 deg. C., were then taken again up to this 
temperature and quenched in water. The Brinell 
number was then 713. Yet these castings were 
quite strong and not brittle, but, of course, not 
machinable. A similar ring was placed in a pan 
with malleable castings, and after five days and 
nights at 950 deg. C. was allowed to cool in the 
furnace. There was still little or no appearance 
of graphite. Quite half a dozen of these rings 
were tested for growth, but with two heatings to 
950 deg. C. for six hours no increase of size was 
shown. Whether that would continue with further 
annealing he was not prepared to say. 

Mr. J. Ferpinanp Kayser said he was very dis- 
appointed to notice that the author had expressed 
his results to three places of decimals, and yet had 
apparently only made one series of each particular 
range of composition. It was highly improbable 
that the analysis was correct to the first place of 
decimals, and it certainly would not be correct to 
the second. That might seem a rather startling 
statement, but after seeing the analysis made by 
different chemists of repute, on one and the same 
metal, he (Mr, Kayser) never ventured to express 
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analysis to more than one place of decimals, and 

then always with considerable mental reservation. © 
He thought that manufacturers of iron castings 
were far too nervous in adopting alloy additions 

in order to improve their metal. Roughly speak- 

ing, one could say that the addition of 1 per cent. 

of molybdenum would increase the cost by 

approximately 7s. 6d. per cwt.; 1 per cent. 

chromium, 2d. per cwt.; 1 per cent. vanadium, 

approximately 15s. per cwt. Such increases of 

prices were, however, by no means just cause for 

alarm, and, given the, results sufficiently high, 

there was no need for a maker hesitating to put 

on the market a casting costing five or even ten 

times as much as a similar casting made from 

ordinary grey iron. It appeared to be generally 

agreed that chromium was one of the most bene- 

ficial metals that could be added to grey cast iron. 

Approximately 3 to 4 per cent. of chromium gave, 

of course, a white iron, and one very easily sus- 

ceptible to heat treatment. It could be softened’ 
suitable for machining, and, if necessary, could’ 
then be re-treated and hardened. 


An Uncommon Cast Iron. 


It did not seem to be known in the cast iron 
world that for some years now a metal has been 
on the market containing approximately 3 per 
cent. of carbon and 14 to 15 per cent. of chromium, 
together with approximately 0.7 per cent. silicon 
and the usual other impurities found in hematite 
iron. That metal could be forged without much 
difficulty, and could be given any Brinell hardness 
from approximately 250 up to 600 by a suitable 
heat treatment. 

Mr. E. Apamson said it occurred to him that 
there was‘possibly a difficulty in regard to the 
open iron and the close iron. They could add 
manganese to iron, but on melting in the crucible 
they would get a hardening effect. The effect if 
manganese was added in the blast furnace would — 
be to open the grain, with resultant higher car- 
bon. That meant that in the open iron they had 
low combined carbon and higher manganese. The 
results of practical work were of much interest, 
as they showed the practical difficulties under 
which the furnaces worked, and were of more im- 
portance than those derived in the laboratory. 
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Many of the results shown that night were not 
commercial irons, but were laboratory results, and 
therefore could not be relied upon to give any 
strict guidance in the foundry, Referring to 
titanium, the speaker said it was not generally 
known how useful it could be as a cleanser. This 
was particularly the case in regard to iron in 
_ blast furnaces. 

Mr, Hype referred to early experiments which 
he had with Professor Arnold with pure Swedish 
iron, and went on to say that one interesting | 
thing he had noticed was that with nickel steel 
containing 1 per cent. of carbon the nickel threw 
carbon out in the form of graphite. The nickel 
behaved almost exactly like silicon. 


The Author’s Reply. 


Mr. J. W. Donatpson, in reply, said that while 
he agreed with Mr. Shaw that the increase in ten- 
sile strength followed the increase in combined 
' carbon which was produced by the manganese, 
chromium and tungsten additions, he thought 
that the strengths so obtained were more stable 
under heat treatment due to the increased 
stability of the special carbides than would be the 
~ case in a plain iron of similar carbon content. 
With reference to Wickenden’s Paper, he had not 
seen it, but he was pleased to know that the 
results obtained with nickel were somewhat similar 
to his own. Mr. Shaw’s annealing experiments 

with chrome-nickel cast-iron dies and rings were 

‘of considerable interest. The falling off in hard- 
ness after annealing at 950 deg. C. was to be ex- 
pected, but why that decrease should have taken 
place without precipitation of graphite he could 
not understand. The increase in hardness after 
quenching from 950 deg. C. was also to be ex- 
pected, being no doubt due to the formation of 
martensite and troostite. The fact that no 
growth occurred after heating to 950 deg. C. 
clearly demonstrated the beneficial effect which 
chromium had on this property. 

In reply to Mr. Kayser’s remarks regarding the 
analysis, he would say that, where three places 
of decimals were given, these wera simply the 
average of two results determined to two places 
of decimals and differing by 0.01 per cent, He 
was glad to hear Mr. Kayser’s views regarding 
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the addition of special elements to castin s, and 
especially that he agreed with him (Mr. Donald- 
son) in the beneficial effects produced by 
chromium. The fact that an iron containing 
3.0 per cent. carbon and 14 to 15 per cent. 
chromium was on the market was quite new to 
him, and also that such an iron could be machined, 
forged, and subjected to heat-treatment. In his 
own experiments he found that an iron contain- 
ing 0.9 per cent. chromium, 1.5 per cent. silicon, 
could not be machined. The iron he referred to 
was cast in a cold sand mould, and possibly the 
one mentioned by Mr. Kayser was cast and cooled 
under different conditions. 

Mr. Adamson’s remarks regarding the produc- 
tion of iron in the blast furnace were very interest- 
ing, particularly with reference to the effect of 
Manganese on the production of close and open 
irons, and also with regard to the cleansing effect ' 
of titanium. With reference to some of the 
results dealt with in the Paper, they were derived 
from irons produced in <he laboratory, and 
although they could be used as a comparison 
among themselves, he agreed that they could not 
be used as a guidance in foundry practice. 

Mr. Hyde had referred to his early experiments 
with Professor Arnold on irons prepared from 
pure Swedish iron where only one constituent was 
varied, He (Mr. Donaldson) knew of experi- 
ments in progress at present on irons prepared in 
a similar manner, where the phosphorus content 
varied in one series and the chromium content in 
the other. 


Birmingham, Coventry and West 
Midlands Branch.* 


THE TRAINING OF FOUNDRYMEN. 


By E. Ronceray, Honorary Member. 


In introducing the lecturer for the evening, 
Mr. C. Rerantack, who presided, said that for 
many years he had been impressed with the need 
for something to be done for the education of the 
young moulder. It was not a craft that appealed 
to most boys. Already ‘something had been done 
at. Sheffield, and very good work had also been 
done at the Technical School at Wednesbury. He 
had paid a number of visits to Paris to see the 
provision that was made there for the technical 
training of the foundryman, and each time he was 
more impressed with the genius of Mons. Ronceray 
and the success which was attending his labours. 
The present meeting was the outcome of the 
impetus which he derived from an inspection of 
what was being done. It was often said that the 
foundry industry was not making progress at the 
same rate as the engineering industry. It was 
suggested that in their craft they still belonged to 
the Queen Anne period and that they had a 
venerable attachment to the methods practised by 
their grandfathers; that in the foundry all was 
rule of thumb, and that it was the last place to 
introduce modern economic practice and condi- 
tions. Whatever they might have to say about the 
lethargy of the last fifty years—and he admitted 
that we had been lethargic in this country—there 
had now come a vital awakening in their craft. 
There was now a spirit of inquiry and a determina- 
‘tion to explore every avenue which’ would result 
in eradicating what was erroneous and applying 
the methods of research to design, patterns, gating, 
moulding, refractories, temperatures, and espe- 
cially to the material used. The British Cast Iron 
Research Association had become a great and living 
force. Ably led by its director, Mr. Pearce, and by 
Mr. Fletcher, research to that body was not merely 
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a question of papers and essays. Every defective 
casting submitted was microscopically analysed and 
reported upon, and the whole modus operandi of 
foundry practice and material was under review 
for the benefit of the members. Mr. Retallack 
expressed his appreciation of the work of Tar 
Founpry Trape Journar. No trade paper had 
made more rapid progress, he said, and the 
information published was of the greatest value 
both to the students and the workers in the 
foundry craft. “He referred to the difficulty of 
obtaining skilled moulders, many of whom, he 
said, went to the U.S.A., where they got increased 
remuneration. Boys as a rule did not like foundry 
work, which was laborious and dirty. It was a 
trade, however, that required skill, and never 
were the requirements so exacting as they were 
to-day. What they needed to do was to link up 
the technical schools with practical work in the 
foundry, to connect the boy at the technical school 
who promised well in his metallurgical studies with 
practice in a model or other foundry. ‘For this 
development they had to go to Mons. Ronceray, 
the living embodiment of ironfoundry in all its 
multitudinous branches and details. The out- 
standing feature of Mons, Ronceray as a founder 
was that he was bringing into daily practice in the 
foundry his extensive knowledge of metallurgical 
technique and kindred investigations. Whether ‘it 
was the pencil downgate or the syphon triplicate 
pouring brick, he had a faculty possessed by few 
scientists, who were too much confined to the 

_ laboratories, and never got down to the foundry 
floor. 

The training of the juniors merited careful 
attention, and they ought to give the greatest 
attention to boys who had a passion for foundry 
work, and there were some. He mentioned that 
the French Government had recognised the 
splendid work which Mons. Ronceray was doing by 
making him a Chevalier of the Legion of Honour. 

Mons. Ronogray, who was very warmly received, 
said it was always with renewed pleasure that he 
came to lecture in Birmingham, where everything 
relating to the foundry trade was so much appre- 
ciated. ‘Some time ago he received a visit from 
‘ his friend Mr. Retallack, who came to consult 
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with him on the subject of foundry education. 
“Whether he came to me,’’ Mons. Ronceray 
added, ‘‘ with reference to elementary training of 
apprentices or for higher educational purposes I 
really do not know, because I have been accused of 
spreading my efforts over the whole field of 
foundry education.”’ ‘ ¥ 


FOUNDRY TRAINING FROM APPRENTICESHIP TO 
THE FOUNDRY TECHNICAL HIGH SCHOOL. 


The war had shattered all French organisations, 
most of the skilled men had been killed or were 
disabled, whilst requirements were enormous, and, 
as a leading politician said, France had to become 
a nation of ‘‘ cadres’? (staffmen) if they intended 
to keep their position amongst the nations. They 
had in consequence to frame a complete organisa- 
tion of their industries. It was with the object 
of promoting a general plan for the foundry 
industry that the Author presented a paper at the 
first post-war conference of the A.T.F. of Paris, 
held in Liége in 1921. 

This paper dealt more with the ascertaining of 
the disorganisation of foundry training and 
the submission of a plan than the showing of 
results. The hopes and purposes of the Com- 
mittees appointed to improve the conditions were 
expounded, and the desire that a Foundry High 
School should be opened to raise the scientific and 
technical level of foundry engineers and managers 
was put forward. How these ends were attained 
will be shown. 

The three stages of foundry education are :— 
(a) The training of artisans; (b) the education of 
charge hands and foremen, and (c) training of 
foundry specialists and managers. 


The Training of Artisans. 


The greatest obstacle to foundry apprenticeship 
is the reluctance of boys to enter the trade. 
Whilst engineering or electrical trades find as 
many apprentices as they like, it is a practical 
impossibility to convince boys to become moulders. 
They notice that engineers or electricians are 
invariably well-dressed, superior men, whose func- 
tion it is to move handles or levers, to drive 
automobiles, ships, aeroplanes, or something of 
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this description. Their choice is governed by the 
romantic appearance of the profession, and. it is 
a disappointment for them to discover later on 
that, very often, their work is dirty and obscure, 
unemployment frequent and wages modest. The - 
foundry world realises that moulding is not the 
dirty, stupid job that some people think it. is. 
The foundry is the basis of all engineering trades. 
It presents a vast number of interesting jobs; 
possible improvements are enormous, and the pros- 
pects are very promising for good men. The 
foundries become every day more comfortable, 
cleaner and better equipped, and the best men 
can get very high pay in this form of employ- 
ment. It is thought that in Britain also efforts 
are being made to attract intelligent young men ; 
whilst it is certain that at the present time much 
difficulty exists in France. 

It is hoped that ‘‘ professional orientations,”’ 
which is to be attempted in France in the years 
to come during the last term of elementary 
schools, will bring some improvement, though it 
has still to be proved. 

Another great obstacle to apprenticeship is the 
lack of enthusiasm of foundry owners. It is said 
that apprentices are troublesome, that they cost 
-a good deal of money, and that they leave before 
the end of their time. From personal experience 
it can be stated that there is nothing im such 
fears. When apprenticeship is properly organised 
it is a source of satisfaction. It must not be 
feared that the apprentices will leave the firm 
when their time is served; on the contrary, this 
is to ‘be desired. Lack of moulders is not due to 
exchange of trained men, but the lack of a general 
training policy. In Britain it is thought that 
there are difficulties arising from moulders’ 
unions. There are no difficulties of that kind in 
France. 


Apprenticeship Pamphlet. 


To help apprenticeship, the Syndicat des 
Fondeurs de France has thought useful to pub- 
lish a pamphlet giving general information and 
advice. This pamphlet contains information ‘to 
help recruiting of apprentices, a contract form, 
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legal tests relating to apprenticeship and a pro- 
gramme of foundry courses, which is to be de- 
veloped in a text book to help teachers and’ 
boys. This can be consulted on application to- 
the B.O.L.R.A. © 


Apprenticeship in the Foundry or at a School. 

The general opinion in France is that the bulk 
of moulders must be trained in shops, where the 
work is more normal and the atmosphere more 
businesslike than, in schools where work cannot 
be conducted on a sufficient scale. But proper 
training in the foundry requires the strict use of 
adequate methods; otherwise, training in _ school 
may be preferable. 

The Syndicat pamphlet recommends to group 
the boys under the supervision of a capable 
instructor, and to avoid at all costs putting them 
under the journeymen in the foundry, who are 
lable to use them as labourers. 

It is recommended to give them at once simple, 
‘but useful work by increasing steadily the diffi- 

culties. Every morning the castings are examined 

by the instructor. The wasters are carefully 
broken in presence of the boys. These previous 
examinations generally disclose the causes of the 
defects and their remedies. Those remedies are 
immediately applied and their results inspected at 
the next melt. If especially interesting cases are 
met, apprentices are gathered to inspect them, 
and are questioned on the causes of wasters and 
remedies, 


Choice of Instructor. 

The choice of instructor has a great bearing 
on the results. He must be a very competent 
man, capable of working himself, fond of boys, 
having sufficient pedagogical qualities to teach 
and interest his pupils. No labourer’s work must 
be imposed on boys, otherwise they lose interest in 
their trade. It is wonderful to visualise the 
results of such methods. The boys make consider- 
able progress, and they work with zest and 
enthusiasm. 


Apportioning of Period. 


The total time served is three years. It is 
recommended to use the first year to teach the 
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general basis of the trade, exacting. from the - 
boys good and well-finished work, rather than 
speed, but not to hesitate to undertake more and 
more difficult work as soon as knowledge and 
experience are acquired, at the risk of making a 
few wasters, which, after all, are not fruitless. 
The enthusiasm of boys is raised in direct pro- 
portion to the confidence which is shown in them. 
They get quickly discouraged if they are treated 
like labourers or low grade workmen, who are 
supposed to be only good for low and tedious 
work. 


After one year, speed can be developed. by offer- 
ing boys premium or piece work, but quality 
must be insisted upon. The difficulty of the work 
is increased as time goes, but after about 18 
months the average boy is capable of making 
most of the ordinary work given to moulders, 
though at a slower speed. He must be given 
indifferently all work usually made in the shop: 
sweeping, gears, cylinders, engine bases, etc. If 
necessary the instructor should help him and try 
to raise his interest by comparing his work with 
similar work accomplished by skilled workmen. 
Drawings of castings in progress must always be 
in the boy’s hands. ; 


From his entrance into the shop the boy must 
have his own tools and a cupboard in which to 
keep them. He must be trained to take care of 
his tools, and not wander in the shop to look 
for a shovel, a rammer or bellows. 


Foundry Instruction Courses. 


The general custom is to have foundry instruc- 
tion courses twice a week, that is, 4 hours per 
week. Some foundries arrange them during 
shop time, others after. The first year is 
generally employed to teach elementary drawing 
and mathematics, while the second and _ third 
years are devoted entirely to trade matters, as 
referred to in programmes A and B of the 
pamphlet. The instructor should seize every 
opportunity, ‘and, if necessary, provoke it, to 
refer to the drawing of the casting in progress. 
This is an excellent method of raising the boy’s 
interest. 
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Sometimes the instructor is the teacher of the 
foundry courses, sometimes it is another man. 
In this latter case, the two men must work in 
close co-operation to avoid differences of opinion. 
The lessons of the teacher on sands, melting, 
lifting pressures, etc., must be confirmed by actual 
tests or observations. 


Influence of Staff. 


The influence of staff on the final results may 
be considerable. The first conditions of success 
are a complete faith in the utility of apprentice- 
ship and the possibility of success. If the chief 
is convinced, he will be in a position to obtain 
the hearty co-operation of his assistants, the 
influence of which is of considerable weight in 
the course of time. 

But his personal action may be very great. 
He must himself see the boys and their parents, 
tell them the advantages and interest of the 
trade and the future of it for educated people. 
He must induce the educated boys to enter the 
foundry, even if necessary by increasing their 
pay. Those boys generally learn quicker than 
the less educated ones, and are the recruits for 
the future staff. 

Later on, the principal must exert a continuous 
action, keep his staff on the watch, see the boys 
often, adroitly praise or blame them, organise com- 
petitions, gives prizes, in short, make clear the 
interest he bears to his boys. 


Actual State of Apprenticeship in France. 


The regions which have best succeeded in the 
training of foundry apprentices are: Nord, 
Ardennes, Haute-Marne, Creusot district, and 
Paris region. In the last region 150 apprentices for 
iron, steel and aluminium and 60 for brass have 
passed examinations last year. The Prefecture de 
la Seine has awarded 165 certificates of ‘“ aptitude 
professionelle ”’ after examination passed by a jury 
named by the Prefect de la Seine. The report of 
jury mentioned ‘‘'The whole of the members con- 
sider that, from the professional point of view, 
the average level of candidates was excellent. 
Their skill was considered either as finish of work 
or speed, corresponding to that of good work- 
men of full age.’ 
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Apprentice Schools. 


Apprentice training at schools has only recently 
been started in France at the Institut Colbert 
at Tourcoing, Institut Turgot at Roubaix, Ecole 
de Métiers at Lyons, and is in process of organi- 
sation. in various “ écoles pratiques”’ and in the 
“ Ecoles Nationales professionnelles’”’ of Armen- 
tieres, Nantes, Voiron and Tarbes. 

The apprentices trained in, these schools, so 
long as they do not leave the trade, which may 
be feared, are probably better fit to enter the 
lower staff of foundries than to make pure work- 
men. Their general education will enable them to 
join the staff, but their manual training will be 
inferior to that of apprentices trained under 
proper shop conditions. The latter conditions 
may, however, be imperfect, in which case the 
school apprentices show superiority over the shop- 
trained ones. Whether the boys trained at school 
intend to become workmen or rise to foreman- 
ship, it is strongly recommended that they should 
improve their knowledge by spending a few years 
of their youth in various foundries doing actual 
work before finally settling down. Those desirous 
of advancement must not seek clerical work, but 
they must be anxious to complete their know- 
ledge by assimilating industrial methods, costing, 
organisation, and observation of human factors. 


The Training of Foremen. 


It is to be regretted that no systematic forma- 
tion of foundry foreman has been undertaken 
either by the Government or private organisa- 
tions. There is only a Sunday course in Paris, 
providing 20 lectures, which can hatdly pass for 
such. The author is very sorry about this, and 
one of his ambitions has been to fill that gap. 
Circumstances have not permitted it up to now, 
but he hopes to be able to contribute to it in the 
near future on similar lines to those followed for 
the higher form of teaching. 

In the author’s opinion, the foremen’s training 
is @ very important thing comparatively easy to 
organise. The recruiting should be made amongst 
the ambitious and intelligent young men who have 
entered the trade either from the sand heap or 
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through a professional school. Even the foremen 
in existence at present, who suffer from the lack 
of technical knowledge, would be eager to follow 
such courses. It seems, therefore, that no diffi- 
culty would be met to have students anxious to 
learn. The only difficulty seems to find teachers 
and to pay them. ‘he foundry high school, to 
be dealt. with later, will in a short time have 
widely distributed sufficient men able to teach 
foundry topics in a capable way. . The foundry- 
men, their regional organisations, and the Tech- 
nical Education Board, which has now special | 
resources for this purpose, will not fail in their 
duty. So that everything points to a recrudes- 
cence of regional courses specially organised for 
foundry foreman training. 


The Training of Foundry Executives. 


Up to now, the training of foundry executives 
has been carried on in a certain number of tech- 
nical colleges. Except for the Ecoles d’Arts and 
Métiers, this training was not in direct relation 
to foundry needs, but referred more particularly 
to metallurgy. The Ecoles des Mines, Ecole Cen- 
trale des Arts and Manufactures, Instituts Indus- 
triels devote a few lectures to foundry topics. 
However, the Ecole Centrale has an important 
shop laboratory and well-considered courses, but 
short. 


The Ecoles Nationales d’Arts and Métiers have 
for a long time been the source of foundry | 
managers outside of theoretical courses. Prac- 
tical foundry profession was taught there during 
three consecutive years for seven hours a day, 
which have been first reduced to two years at five 
hours per day, and finally to one year. The 
actual tendency is to train there non-specialised 
engineers, all students passing in the various 
shops during their first and third year of scholar- 
ship. During the second year only a certain num- 
ber of students follow foundry or pattern-making 
courses, and very likely they will form a. good 
part of future foundry managers when they have 
gained sufficient experience and knowledge. They 
are expected to form an important part of the 
students of high school. 
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Ecole Superieure de Fonderie. 

In his Paper presented on behalf of the I.B.F. 
to the conference recently held in Liége, Mr. 
J. G. Pearce mentions that ‘‘ on foundry subjects, 
the scientific man can hardly start researches of 
value for lack of practical knowledge, while the 
practical man is not in possession of sufficient 
scientific knowledge to draw the full conclusions 
of his observations.’’ 

It is to fill this gap and to unite in one man 
scientific and technical knowledge and experience 
that the Paris Foundry High School has been 
created. It is the first of ite kind in the world, 
to the author’s knowledge. 

It has been. created on the proposal of the 
author by the Syndicat Général des Fondeurs de 
France with the help and collaboration of the 
Technical Education Board. 

Mr. Ch. Dufour, Chairman of the Syndicat des 
Fondeurs de France, put it to the general meet- 
ing on July 30, 1923, the funds were immediately 
raised, and the first meeting of directors of the 
new school took place at the Board of Education 
early in October under the chairmanship of the 
Minister, Mr. Gaston Vidal, assisted by Mr. 
Dufour and Mr. Labbé, Directeur de |’Enseigne- 
ment Technique. The decree organising the 
school appeared on October 23, and the courses 
were opened in January. 

It must be understood that the school is not 
intended exclusively to form foundry specialists, 
but to complete the knowledge of foundrymen, 
having already a general scientific training, by 
teaching them the special topics of the profes- 
sion which are at present disseminated in tech- 
nical books or Press or even not published. 

The students may be either graduates from 
special schools or men who have risen from the 
bottom. As far as possible, half of the vacancies 
are reserved for each category. An entrance 
examination is to be passed by both categories, 
and all of them have to justify good foundry 
practice, 


Standard*of Courses. 


The standard of courses is scientifically as high 
as possible, consistent with the scientific training 
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of students. It is thoroughly practical at the 
same time, for the object is above all to produce 
foundry executives or managers with a scientific 
training. 

The method followed to reach such a result is to 
select for each course: the best specialist known. 
A library, with a bibliographical organisation, is 
being placed at the disposal of professors and 
students. The following résumé will give an 
- idea of the topics studied with the names of 
- teachers. The latest works published in the world 
have to be investigated and eventually taught. 


FOUNDRY HIGH SCHOOL. 
Course of Lectures. 


Metallurgy.—General metallurgy (Cournot), 3 
- lectures. Metallurgy of non-ferrous metals, study 
of principal alloys (Cournot), 4 lectures. Classi- 
‘fication of pig-irons, steels, malleable; Study of 
blast furnaces; Theory of air-furnace converter, 
open-hearth furnace (Brull), 15 lectures, 3 labora- 
tories, 

Physical and Chemical Study of Materials used 
in Foundry.—Metallography; Study of constitu- 
tion and structure, properties and treatment of 
metals and alloys used in foundry (Portevin), 20 
lectures, 9 practical. Dilatometric study of 
alloys (Chevenard), 2 lectures. Investigation 
through X-rays of defective castings; Application 


of Debye method to study of alloys (Delauney), 2 


lectures. 

Industrial Heating. — Study of combustibles, 
combustion and furnaces (Roszak), 11 lectures. 

Geology, Mineralogy and Refractories.—Study 
of principal minerals and natural substances used 
in foundry and industry (Bertrand), 11 lectures. 
Refractories used in foundry (Bodin), 4 lectures. 

Electricity.—General notions and principal laws 
of electricity: Application to the foundry needs 
(Nugues), 12 lectures. 

Analytical Chemistry. — Sampling; Chemical 
analysis and tests; Laboratory organisation (Four- 
nel), 14 lectures, 30 practical. Industrial methods 
of rapid analysis (Levi), 2 lectures. 

Introduction to Foundry Work.—General theory 
of moulding and pouring; Determination of act- 
ing forces in moulds (Pillon), 6 lectures. Gene- 
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ralities; Industrial status of foundry; General 
internal and technical organisation (Ronceray), 2 
lectures. Materials used in foundry (Ronceray), 
6 lectures. Pattern making (Masviel), 10 lec- 
tures. Scientific and experimental study of sands 
(Lemoine), 5 lectures; Study of foundry defects 
and general rules resulting (Ronceray), 2 lectures. 

General Moulding Study.— Sand and loam 
moulding. Study of different processes (Debar), 


2 lectures. Moulding boxes; Moulding tools . 


(Debar), 3 lectures. - Preparation of sands; 
Apparatus used (Lemoine), 2 lectures. Evacua- 
tion of gas in sand; Ramming (Ronceray), 3 lec- 
tures. Core making (Ronceray), 3 lectures. 
Pattern drawing, finishing (Debar), 1 lecture. 
Drying; General theory of stoves (Debar), 3. lec- 
tures. Handling of molten metal (Debar), 1 lec- 
ture. Pouring (Debar), 1 lecture. Sorting, 
fettling, repairing, inspection of castings (Ron- 
ceray), 1 lecture. 

Melting and Treatment of Metals.—Blowing 
apparatus and its control (Bouzy), 3 lectures. 

Ferrous Alloys.—Treatment of cast iron in the 
foundry; Properties of cast iron; Special irons 
(Lemoine), 4 lectures. Cast-iron melting, in 
cupola (Ronceray), 5 lectures. Cast-iron melting, 
in air furnace (Ramas), 1 lecture. Semi-steel 
(Levi), 2 lectures. High-strength cast irons (Le 
Thomas), 1 lecture. Malleable iron (theoretical 
study) (Lemoine), 2 lectures. Malleable iron 
(practical study) (Levasseur), 4 lectures. Steel 
(theoretical and metallurgical study) (Vanzett1), 
3 lectures. Practical study of the steel foundry 
with converter. Siemens-Martin furnaces and 
electric furnace (Vanzetti), 5 lectures. Theoreti- 
cal study of electric furnace (Remy), 4 lectures. 

Non-ferrous Alloys.—Study of copper alloys and 
other non-ferrous alloys (Lemoine). 5 lectures. 
Melting and refining. High-strength brasses (Le 
Thomas), 1 lecture. Light alloys; theoretical 
study (Lemoine), 3 lectures. Light alloys: prac- 
tical study (de Fleury), 4 lectures. 

Different Kinds of Moulding; Specialities.— 
Pattern plates and machine moulding (Billon and 
Debar), 6 lectures, 3 practical... Sweeping gear 
moulding and turbines (Masson), 2 lectures, 2 
laboratories. Loam moulding (Fabre), 2 lectures. 
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Special moulding of light work: stove plates, 
sanitary castings, radiators (Ronceray), 1 lecture. 
Chilled castings; Rolling mill rolls; Chilled wheels, 
etc. (Ramas), 1 lecture. Railway castings 
(Dewee), 1 lecture. Welding of cast iron (Dewee), 
1 lecture. Automobile castings (Thivot), 1 lec- 
ture. Cireperdue, medals, art work, imita- 
tion bronze (Derdinger), 2 lectures. Large brass 
castings, propellers,’ high-strength | brasses, bells 
(Gauger), 4 lectures. Pipe making, permanent 
moulds, centrifugal castings; Electrolytic ' and 
non-electrolytic coverings; Inoxydatign, enamel- 
ing (Levasseur), 4 lectures. 

General Organisation of Foundries.—The réle 
of foundry manager (Dufour), 1 lecture. Lifting 
apparatus in the foundry (Pillon), 3 lectures. 
General organisation; Equipment; Handling; 
Description of a few types of foundries (Ron- 
ceray), 2 lectures. Scientific management of 
foundries (Nusbaumer), 3 lectures. Cost prices; 
Their organisation (Feron), 2 lectures. Influence 
of fire losses on cost prices (Brizon), 1 lecture. 
Selling; Its organisation (Feron), 1 lecture. 

Graphic Work and Applications.—Moulding 
studies and discussions (Ronceray and Debar), 24 
lectures. Reports on visits of foundries and dis- 
cussions (Ronceray, Debar, Lemoine), 24 lectures. 
General design of foundries; Shop planning; 
Study of defects (Ronceray, Debar, Lemoine). 


Graphic Work. 


It must be remembered that all students have 
a knowledge of foundry practice, so it is no use 
to have practical moulding taught. It must be 
known before coming to the school. The students 
must also have a thorough practice of engineering 
drawing, so as to be able to express their con- 
ceptions and views. 

Every 10 days they have to make the complete 
study of the moulding of a casting, starting with 
a very simple work, and finishing at the end of 
their work with automobile or locomotive cylin- 
ders or similar work. 

The studies comprise: Approximate weight of 
castings; weight of metal; machining allowances; 
contraction allowances; methods of moulding, 
feasons of the choice; construction of patterns; | 
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construction of core boxes; design of moulding 
boxes ; cetail of moulding; special precautions to 
take to ensure a sound casting; quality of sand 
used; core making, composition of sand used; 
mould closing; method of pouring, precautions to 
take; composition of metal recommended, its 
manufacture; heat treatment if required; esti- 
mation of time for pattern, core boxes, mould, 
cores ; cleaning and fettling; and criticism of the 
design to improve the casting or speed up the 
work, 

The object is to provide men capable of conduct- 

ing the work from the beginning to the end, and 
to promote the organisation of studying foundry 
work before starting the work. There is bound 
to be in the future a ‘‘ ways and means depart- 
ment ’’ in the foundry as in the machine shop. 
_ Every week the students, accompanied by one 
or two of their lecturers, pay a visit to one of 
the numerous foundries around Paris. Those 
visits are made in a quite different way from 
ordinary school visits. The students would have 
little to learn from a superficial visit, as most 
of them have seen numerous foundries. They are 
given a certain part to study, such as the melt- 
ing plant, ovens, general arrangements of the 
foundry, lifting apparatus, core making, sand- 
preparing plant, etc. Some $f them in rotation 
have to present a report with their criticisms and 
proposals of improvements. These reports are 
discussed with the teachers and these discussions 
are most instructive. In a very short time the 
students learn “how to see,’’ to express an 
_ opinion for themselves, and eventually to become 
_able to avoid making the faults that they have 
encountered. 1 

They also have to design parts of foundries, 
such as the core room, melting plant, sand-mixing 
plant, raw material, handling, etc., so that step 
by step they become able at the end of the year 
to design a complete foundry. 

During the Easter holidays a week’s trip is 
undertaken in an industrial district, not only to 
visit foundries of special character which could 
hardly be found around Paris, but also blast fur- 
naces, coke ovens, rolling mills, steel works, etc., 
so as to give the students a general view of 

metallurgical industries. 
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In addition to the periodical examinations 
during the year, the final classification is made 
by two special examinations—one at the end of 
the year and a second a few months later. 

The first one refers to the study of the mould- 
ing ofan important casting on the same lines as 
during the year. Last year it was a_ Diesel 
engine cylinder. The time allowed to make the 
whole work was 10 hours, and remarkable solu- 
tions were presented. 

The second is a paper to be presented on a 
subject selected by the student himself. It is a 
kind of simple research, affording an excellent 
means of appreciating the personal value of each 
man and the profit he has drawn from the teach- 
ing. In future these papers will be presented at 
the end of the year, i.e., about four or five 
mionths after the end of the courses. They will 
have to be made in private shops where the 
students have’ been absorbed. : 

Last year very interesting papers were sub- 
mitted, and amongst others there were: ‘“‘ On a 
chilling test for high-silicon cast irons ’’; ‘‘ Chap- 
let-welding in iron castings’’; ‘‘ Silicon-alu- 
minium alloys’’; and ‘‘ The ‘ life’ of metals.” 

At the moment no buildings have been 
acquired, but use is made of lecture rooms at the 
Ecole Nationale d*Arts and Métiers of Paris. 
It is expected that, with the help of all 
those interested, the students will be allowed 
to use a part of the buildings now used for 
other purposes. If so, there will be available 
a splendid lecture and work room, a library and 
sample room, a general laboratory, a balance 
room, a metallography laboratory, a sand labora- 
tory, a research laboratory, some offices, and, i 
the cellar, some space for heavy machinery. 


DISCUSSION. 


Mr. Joun Cameron, J.P. (President of the 
Institute of British Foundrymen), said his first 
feeling was one of envy that France had got so 
far ahead of us. The scheme which had been 
described was very complete, beginning with the 
apprentice and passing on to courses of technical 
training, in which students were encouraged to 
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do independent research. We were not co- 
ordinated in so complete a manner in this country, 

_ though the education of the moulder and of the 
apprentice had always been of tremendous interest 
to the Institute of British Foundrymen. That 
interest, he believed, began with the first Presi- * 
dent, the late Mr. Robert Buchanan. He was glad 
to notice that the Birmingham Branch was taking 
a keen interest in the apprentices, and he urged 
employers to give the work every support in their 
power. He admitted that the foundry industry 
was asleep for many years, but some ten years ago 
it wakened up. The world war came along, and 
foundrymen were asked to do things that they had 
never done before. They were asked to make iron 
to special tests, and they rose to the occasion. 
He believed that they were on the eve of improve- 
ments, and that the castings for internal combus- 
tion engines, locomotives, warship engines, etc., 
would require to be made to higher tests than had 
ever before been required. For that reason, if 
for no other, he considered that the work being 
done by the Institute of Britsh Foundrymen and 
the Cast Iron Research Association was invaluable. 
Theirs was a splendid craft, calling for skill and 
resource and the facing of difficulties. 


Junior Technical Schools. 


Mr. A, S. Barnes (Senior Inspector of the Board 
of Education) said there must be. co-operation 
between the trade itself and the schools if there 
was to be a worthy system of education for the 
foundry trade, We had in this country a type of 
school which, so far as he knew, did not exist in 
France, and that was the junior technical school. 
The junior technical schools took boys at thirteen 
‘years of age from the elementary schools, and for 
two, and in some cases for three, years gave them 
a full-time day training in mathematics, drawing, 
mechanics,. science, and in manual instruction in 
the wood working and metal working shop. Such 
boys were very efficiently trained, and when they 
got into the works would develop into charge 
hands, foremen, etc. 

. If they wanted the services of a higher gradé of 

boy than they were getting at present they would 

have to show parents and the boys themselves that 
) 
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there was some sort of a career open to them. 
They must show that as the reward of ability and 
hard work there was a chance of attaining a good 


position. Some modest levy in a centre such as — 


Birmingham would enable. them to establish a 
model foundry or to establish in some existing 
foundry a day on which apprentices could go for 
training. In the Birmingham Municipal Tech- 
nical School and in the Technical Schools at 
Handsworth, Aston and Wolverhampton, there 
were foundries and facilities for training in 
foundry work, ‘although unfortunately they were 
not fully taken advantage of by the industry. Bir- 
mingham seemed to be a very excellent centre for 
initiating an experiment, both on account of the 
number of foundries and because of the progres- 
sive character of the people. 

Mr, Jonn D. Goopwin (Vice-President of the 
I.B.F.) said the engineering profession was over- 
stocked at the moment, while in the foundry trade 
there promised to be good openings for professional 
foundrymen—he did not mean purely academic 
people, but men who combined both practical and 
theoretical qualifications. Everything pointed to 
a greater scope for cast iron in the future. Ex- 
perts had quite recently visited the Continent to 
see what progress had) been made, and they had 
brought back a great deal of information. Gener- 


ally speaking, he did not think this country had 


much to fear. He believed France was a little bit 
ahead of them in the work that had been described, 
though in this country there were certain technical 
schools which were nearly covering the ground, 
although they were not specialising solely in foun- 
dry work. So far as cast iron research was con- 
cerned the Continent had not gone far beyond 
what was known here, except in isolated cases. He 
advocated the encouragement of better work by 
the payment of bonuses. It did not follow that 
the best teacher was a good workman. The best 
workman was a man whose whole mind was con- 
centrated on his job, and he very often had neither 
the ability nor the patience to talk about it. Re- 
ferring to the fear of losing lads after a great 
deal of time and. trouble had been expended 
en instructing them, he said his experience during 
the past 25 years was that they would not leave if 
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they could be made to appreciate what they were 
doing and why they were doing it. 

Mr. J. E, Fiercner expressed the opinion that 
Mr. Ronceray had outlined a scheme which 
might be very well regarded as a pattern. ‘It was 
quite, true in this country that we had technical 
schools and junior technical schools, but they were 
not doing for the foundryman exactly, what was 
wanted. They were not doing all that might be 
done to secure that fusion between the scientific 
and the practical side which ought to exist. They 
seemed to imagine that the foundry lad was 1n- 
capable of learning the elementary principles of 
science. That was not true. He had had to deal 
with hundreds of them, and many of them had 
made themselves proficient. in science. It was 

_encouragement that the lads needed. Those who 
employed them must believe in them, and there 
must exist a personal contact. He had been im- 
pressed with the personal relations existing 
between the heads of firms and their men in 
America. When once a young fellow got thor- 
oughly enthusiastic about foundry matters he had 
entered upon a new era. He thought Mr. Ron- 
ceray’s address would make all of them ask them- 
selves: ‘‘ Where do I stand; do I know as much as 
IT ought to know as foreman, manager, or as the 
owner of a foundry? ’’ They could not expect to 
see the advancement of the craftsman unless they 
themselves took the intelligent interest’in the work 
which made them themselves experts. He hoped 
we should soon see in this country evidence that 
better educational facilities were capable of pro- 
ducing clever moulders as well as clever craftsmen. 

Dr. R. 8. Hurton (Director of the Non-Ferrous 
Research Association) said he felt that the unique 
higher education described by Mr. Ronceray 
deserved all the emphasis that could be given to it. 
It was in that direction, he was sure, that we 
wanted to keep our eyes very clearly fixed. One 
of our weaknesses lay in the fact that, compared 
with some other nations, we had not been absorb- 
ing men of higher education in our industry. If 
we had an opportunity of establishing in this coun- 
try some such scheme of higher education in foun- 
dry work as Mr. Ronceray had described, he felt 
sure it would go a long way towards helping us in 
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the other problem of the apprentices’ education. — 
Fortunately science and education had no national 
frontiers, and we were free to extend our experi- 
ence as much as possible, but he felt that many in 
the past had failed to appreciate the enormous 
fund of experience and- knowledge which was 
available in France. ; i 
Dr. F. Jounson said that he welcomed Mr. Ron- 
ceray’s address as an event which gave every pro- 
mise of being epoch-making. There had been too 
great a tendency in Great Britain to let things 
drift, in matters. concerning the education:of foun-... 
dry workers, in the hope that (to use the lecturer’s 
native tongue) ‘‘la chose d’elle-méme se fera.” 
So far as he could see, there was no lack of in- 
terest on the part of educational authorities. For 
his own department he could speak emphatically, 
and say that considerable and earnest attention 
had been given to the special requirements of 
foundry students. Classes for ironfounders had 
been successful in the past, but had perforce to 
be discontinued because of the lack of students. 
He had this session started a class in Foundry 
Metallurgy, under the able control of Mr. Arthur 
Marks, A.R.S.M., and, although there was little 


_ response at first, the class had steadily grown in 


numbers as it became more widely known. 

He fully realised that this was only a first step, 
but such a class could be very helpful to students 
whose education was of a suitable standard to 
enable them to take advantage of the instruction 
given. He looked hopefully for a lead from foun- 


_ dry owners, and he thought that a scheme which 


enabled a foundry learner to attend part-time day. 
classes would prove to be the most advantageous 
and efficient. 

The training of hand and eye in the works foun- 
dry would go on side by side with the scientific 
training of the mind in the class-room, the two 
forms of learning being complementary, conducive 
to efficiency and contributory to the acquisition of 
an experience of enduring usefulness. 

The fusion of the practical and’ scientific. out- 
look in one brain seemed to be the ideal state at 
which we should aim. Moreover, the occasional 
relief afforded by day-time instruction at the 
school would have an exhilarating effect, 
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It would not be possible for every learner to pass 
on to the highest forms of instruction. Examina- 
tions and tests would sort out the brighter intel- 
lects from the others, but none of the work'of train- 
ing need be abortive. 

The speaker expressed the hope that foundry 
owners would extend every possible encouragement 
to their young employees to take advantage of any. 
scheme of training which might, with their appro- 
val and co-operation, be arranged. 

A scheme for granting certificates in metallurgy 
had already been approved and put into operation 
in his department. There would be no difficulty in 
providing, as alternatives to some of the courses 
in the curriculum of that scheme, classes in foun- 
dry subjects. 

_ He expressed regret that, owing to a very press- 
ing engagement, Dr. Sumpner had been unable 
to stay for the discussion. 

Mr. F. J. Cook (Chairman of the Research 
Committee, British Cast Iron Research Associa- 
tion) thought the outline which Mr. Ronceray 
had given of a syllabus for the training of 
apprentices would be most useful. One feature 
of Mr. Ronceray’s scheme which had contri- 
buted to its success was the fact that they had 
not attempted to teach everything in connection 
with the foundry by one man. In his opinion 
one of the weaknesses of schemes in this country 
was that the reverse was the case. He was not 
saying anything derogatory of the teachers in 
the technical schools, but it was obvious to any- 
one who had had to deal with technical matters 
as applied to everyday work that it was impos- 
sible to find any one man who could teach every- 
thing in the way of applying science to practical | 
work. There were plenty of foundrymen in the 
county perfectly willing free of cost to undertake 
a few lessons or lectures in some special subject 
in which they had specialised. With regard to 
the junior section which they had started in 
Birmingham, it had been hoped that the section 
would have been in the hands of one of the best 
men in the world, he thought, the late Robert 
Buchanan. He (Mr. Cook) was trying to step 
into the breach, and he hoped that everyone with 
youths under their control would send them along. 
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Mr. V. CG. Fautxner (Sr. Vice-President I.B.F.) 

expressed the belief that in spite of the excellent 
system which had been organised in France by 
Mr. Ronceray more money had been spent in 
Great Britain on foundry education than in 
France. What was mainly required here was 
‘co-ordination. Many éfforts were being made 
throughout Great Britain, and probably what 
would meet the immediate needs of the industry 
was the institution of a national examination. 
With sufficient enthusiasm for the object such 
an examination could easily be established, and 
he was of opinion that the necessary enthusiasm 
would be forthcoming from the whole of the 
foundry districts of the country. For instance, 
-he believed that either Sheffield or Birmingham 
University, or the City | and’ Guilds, could 
organise and supervise a national examination to 
be held in all the various centres. That, he was 
convinced, would meet immediate needs, because, 
after all, we had in Great Britain a very large 
number of eminent foundrymen, and it would be 
well to ask ourselves how they attained that 
position. If they had a National Examination 
Board it would greatly enhance. the status of the 
foundryman. 

Mr. J. G. Pearce (Director of the British Cast’ 
Iron Research Association) said there was no 
doubt as to the magnitude of the problem before 
them. It was agreed that there was a shortage 
of skilled men and an equal shortage of men who 
could take important managerial] positions. It 
would be possible to get boys into the foundry 
trade if schemes were developed for teaching the 
trade thoroughly to all comers and to make it 
easy for the more ambitious boys to reach the 
highest positions in the industry. Apprentice- 
ship and shop instruction must go hand in hand 
with part-time teaching in the technical schools. 
He wanted quite unofficially to make a rather 
revolutionary suggestion. It was that condition- 
ally on part-time attendance at the technical 
school the State should make a grant to properly 
trained apprentices. To his mind an important 
feature of the school in Paris was that it brought 
together under one roof and compelled them to 
rub shoulders, the ambitious artisan who had 
come up from the bottom and had been through 
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the shops and the University and technical high 
schoo! graduate whose practical training had been 
limited. The industry needed both classes of 
men, and he thought the formation ‘of a school 
in this country would be justified on that ground 
alone. Such a school would have to be provided 
jointly by the Board of Education and the 
employers. The latter must find the money 
jointly with the State and the school must be 
conducted, so far as the actual teaching was con- 
cerned, by men from the industry itself. There 
would be a Foundry Exhibition in London next 
June, in connection with which there should be 
a competition of a practical character for 
moulders, core makers and pattern makers. He 
suggested that the six men who did best in those 
competitions should be permitted to compete 
among themselves for a scholarship which would 
entitle the best man, the star young foundry- 
man of Great Britain for the year, to a period 
of training at the French Foundry High School. 
He suggested that it should cover a period ef 
eighteen months and probably £150 would cover 
the expense. Six months would be necessary to 
learn the language, there would be six months’ 
training at the school and six months to complete 
the practical training for the Foundry High 
School diploma. The money should be jointly 
found by the Research Association, the Institute 
of British Foundrymen and the Foundry Equip- 
ment and Supplies Association. 

Mr. D. H. Woop thought the best thanks that 
could be tendered to Mr. Ronceray would be to 
put a similar scheme into operation in this 
country. He moved a resolution to the effect 
that the meeting, having heard with great 
interest and satisfaction Mr. Ronceray’s des- 
cription of the training of apprentices and 
foundry operatives, approved of the formation of 
a Committee to be constituted to prepare a 
scheme for similar training in this country and 
promising full support for the project. 

The motion was seconded by Mr. Beech and 
carried. 

Replying to some of the points raised in the 
discussion, Mr. Ronogray said he did not agree 
that the training of apprentices could not be 
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properly carried out in small shops. His experi- 
ence was that in many cases the best apprentices 
came from small shops where adequate methods 
had been employed. He welcomed the suggestion 
made by Mr. Pearce that a boy should be sent 
over to Paris. They were not selfish, he said; 
they were anxious to have representatives of 
-other nations. During the first year they had a 
Spaniard, in the second year a Spaniard and a 
Czecho-Slovakian, and they were very anxious to 
have a Britisher. 
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Newcastle Branch. 
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THE PATTERNMAKER AND SOME OF HIS. WORK. 


By S. Carr, Associate Member. 


An observer of the various classes of workmen 
entering and Jeaving the workshops of our engi- 
neering factories will doubtless have noticed the 
change, in comparatively recent years, in the size 
of the tool-box which shadows the patternmaker 
from one place of employment to another. His 
box is smaller and contains less of the tools carried 
by his forbears, also those he does carry are 
lighter in weight and are often in combination 
form. An _ old-time patternmaker’s  tool-chest, 
with its skew and skipjack planes, thumb planes 
and ploughs, bow and keyhole saws, handscrews, 
etc., would be a chest of curios to many. In the ~ 
old days he carried everything with him, except 
the workshop, and no doubt his tool-chest would 
have made a good substitute even for that. 

It must not be thought that only the modern 
development of hand tools accounts for the 
change, but rather the greater development and 
use of machinery in the patternshops of to-day. 
There still are shops, however, where men are ex- 
pected to provide all, and are expected to give a 
good account of themselves in semi-darkness and 
a dust-laden atmosphere. If efficiency is to be 
expected then a man must be given good con- 
ditions, plenty of light, and a good supply of clean 
air must be maintained at a reasonable tempera- 
ture. It is impossible to work with edged tools 
and numb fingers, or if one has to perform a 
series of physical jerks to stimulate circulation. 
A patternshop should be well lighted, and not 
too low, efficiently heated, and should contain 
apparatus for removing the shavings and dust 
from the machines. Cleanliness is essential. 

The machinery should be such as to eliminate 
as many hand operations as possible, such as 
planing, sawing, sandpapering and turning. 
There are other operations, such as are involved 
in corebox construction, that can now be per- 
formed by machinery, examples of which will be 
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referred to later. It is necessary that pattern- 
shop machinery should be at least in as good a 
condition. as the best used in the fitting shop, and 
too much emphasis cannot be laid. on this point. 
All wood-cutting machines are dangerous, and 
if not kept in first-class condition the danger is 
materially increased and the full advantage of the 
machine is lost; for example, when the glass paper 
on the sander is worn extra pressure must be 
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applied and the result is a scored and burnt sur- 
face on the wood. Again, if the cutters on the 
planing machine are not ground and set true the 
wood comes off tapered and so requires hand-dress- 
ing. With a sharp bandsaw one can cut very 
close to the line, and only a light contact with the 
sander disc, or bobbin, is required for finishing, 
but when the saw is not in good condition a good 
margin must be left and the work ground down 
to size on the sander, 


Necessity for Broad Knowledge. 


Assuming that there is the desired shop and 
machinery, what of the pattermmaker? <A good 
patternmaker is not one who is skilled only in the. 
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use of hand tools, but one who is also skilled in 
the use of machines, and who is able so to con- 
struct his work as to get the best results from 
machinery. His calling also demands that he 
should have a good knowledge of woodcraft, 
coupled with ability to read working drawings of 
both the orthodox and unorthodox types; he must 
possess a good knowledge of geometry and machine 
construction, and, most important of all, he must 
possess the ability to visualise the pattern 
from a drawing. To this may be added a quota- 
tion from a recent publication: ‘‘ A good pattern- 
maker must be a good moulder.’’ It is. possible, 
by concentration of mind, actually to see the pat- 
tern and casting if the elementary rules of ma- 
chine drawing are thoroughly mastered, and all 
classes of apprentices should be encouraged in this 
direction. Both the patternmaker and moulder 
require higher practical and technical training, 
particularly in each other’s sphere of work; they 
are interdependent, so that it is insufficient for 
the patternmaker to understand moulding, but it 
is necessary for the moulder to understand pat- 
ternmaking. 

A patternmaker who understands. pattern- 
making alone is analogous to the moulder who 
understands just one type of moulding. Both, if 
they wish. to succeed, must get out ot their water- 
tight compartments and increase their knowledge 
of the modern developments in each other’s work, 
and in engineering generally. If it is accepted 
as a fact that the pattern is indispensable to the 
moulder it follows that the patternmaker is essen- 
tial to the production of castings, and, conse 
quently, his knowledge of foundry work is most 
necessary. He should understand more than 
moulding operations alone. He should interest. 
himself in the various types of moulding, the com- 
position of the various sands and the effect of 
heat upon them; the metal put into the mould, the 
cupola; in short, in “ metal founding.”’ 

The degree of accuracy now demanded from the 
patternmaker and moulder and the intricacy of 
castings used in modern engineering make it im- 
perative that at least a general knowledge of the 
function of any particular casting should be 
known, for such information will assist in deciding 
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the method and type of moulding, machining 
allowances and certain tolerances. Not only is 
this knowledge helpful in production, but it is both 
interesting and instructive, and relieves the mo- 
notony of factory life. This knowledge may be 
readily obtained, for it is difficult to conceive of 
any branch of engineering upon which itis not 
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possible to get cheap instructive literature written 
in such a manner as to be interesting and easily 
understood, 


High-class Patterns Necessary. 
Turning now to the work of the patternmaker, 
some men have spent their lives on one class of 
work only, large or small, or ina particular branch 
of engineering, while others have had a good 
general experience, but if a man has a thorough 
knowledge of the subjects that have been 
enumerated then he can very quickly adapt him- 

self to any class of patternmaking. Ds oe ees 
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Being the era of modern labour-saving devices, 
brought to a high state of efficiency, the demand 
for ‘apology patterns’’ should no longer exist. 
Skeleton or template patterns, except in very ex- 
ceptional cases, should be committed without cere- 
mony to the cupola, and without the option of re- 
suscitation, Indeed, if the greatest possible advan- 
tage is to be taken of the modern moulding 
machines little short of the perfect pattern will 
suffice, and with modern patternshop equipment 
the majority of old-time arguments for a ‘‘ make- 
shift job’? no longer exist. Time unnecessarily 
spent on finishing and mending a mould due to 
a shoddy pattern is lost time, ‘and is a direct 
charge against the patternshop, and this is only 
too. often overlooked. Surely the final cost of a 
casting is of more importance than the particular 
departmental. cost. 

Where scantlings are reduced to the minimum, 
and only a small margin is allowed. for casting 
weights over estimated weights, it is essential for 
the moulder to have an accurate pattern, no parts 
being left for him to carve out of the mess which 
usually remains after withdrawing certain types 
of patterns with which he is painfully familiar, 


Use of Modern Machinery. 


Until quite recently much of the work in the 
patternshop has been in the nature of handwork, 
and with the object of reducing this, core frames, 
strickles, sweeping boards for sand-moulding, 
loam patterns, thicknessing the mould, loam eore 
boxes, and other methods were introduced, thus 
transferring a large amount of pattern and core- 
box making to the foundry. These methods,. while 
doubtless effective in their object of providing cast- 
ings, do not permit of a very high degree of 
accuracy, and liberal machining allowances become 
necessary, while one has not to be too critical of 
the appearance of the casting, nor too exacting 
during calibration. Such castings would not be 
tolerated in many classes of work to-day, and the 
patternmaking has to be done in the patternshop. 

The ever-increasing demand to do work mechanj- 
cally caused woodworking machinery engineers to 
make a special study of patternshop requirements, 
and the result is that to-day there are many first- 
class machines which reduce hand labour in the 
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patternshop to a minimum. The circular saw, 
bandsaw, planing machine and wood grinders are 
all very efficient machines, but the varicty of 
work produced is very limited, and it is owing to 
this limitation that the mechanical woodworkers 
have been evolved. 


The Mechanical Woodworker. 


Fig. 1 shows one of these machines, which is 
adapted to cut either patterns or. core boxes. The 
cutter is shown in the vertical position, while on 
the table of the machine is a bend pipe pattern. 
As the cutter revolves the table is moved so as to 
cut the straight portion of the pipe; but on reach- 
ing the centre of the radius the table is locked 
and is then ready for turning, thus enabling the 
bend portion to be cut. On reaching the straight 
portion again the locking gear is released and the 
table moved, thus enabling the inside half of the 
pattern to be completed. The outer or convex 
half of the bend is completed in a similar manner. 
The corebox is treated in the same way, only 
the shape of the cutter is reversed. The great 
feature of the machine is the number of operations 
that can be performed by simple movements. The 
base of the table can be easily moved along the 
runway and the~table is so constructed that addi- 
tional movement may be had in the same direc- 
tion, also in a transverse direction. It can also 
be turned completely round, so enabling circular . 
work to be completed at one setting, while the 
height of the table may be altered to suit the 
work in progress. The cutter spindle can be 
raised or lowered as desired, while the fine adjust- 
ments -permit of the highest degree of accuracy. 
The spindle may be turned through an angle of 
90 degrees, and can be locked at any intermediate 
angle, so enabling taper to be cut on a pattern 
at one operation, Fig. 2 shows the spindle in a 
horizontal’ position. When it is desired to cut 
long boxes of large diaméter a boring bar is used, 
which has one end attached to the spindle, the 
other end being supported by means of a suitable 
standard. 


An Improved Woodworker. 


A recent development on the preceding ma-° 
chine is shown in Fig, 3. It is known as. the 


h 


401 


‘Semi-Auto Universal Wood Miller,’ and is 
adapted for larger and heavier classes of work. 
While -possessing the same features as the ‘‘ Me- 
chanical Woodworker ’”’ there are ‘additional 


advantages. All operations can be controlled, from 


the front of the machine; it will also be noticed 
that the spindle is below the level of the overhung 
arm, which obviates the necessity of using a boring - 
bar when cutting loug-core boxes. The cutter 
spindle is gear-driven, and can be reversed or 
stopped at will, while the speed is controlled to 


,suit the size of cutter used. 
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Another feature of importance is the ‘‘ Patent 
Revoluble Cutter Head ” (not shown in the illus- 
tration). This permits of a cutter to be operated 
with its axis at right angles or parallel to the 
surface of the work, which is a great advantage 
when cutting pipe coreboxes of large diameter. 
Another view of the same machine is shown in 
Fig. 4.. A half-corebox for a globe valve, having 
a maximum diameter of 1 ft., can be finished on 
a good machine in about one hour, while bend 
patterns and coreboxes, valve coreboxes, eccen- 
tric sheaves, liners, bushes, etc., can be completed 
in a matter of minutes if in the hands of a skilled 
operator. 

There are several additions: provided with these 
machines for cutting spur and bevel-wheel pat- 
terns, mitre wheels, and also, worms and worm 
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gears. ‘The feed and timing gear for cutting such 
wheels is most accurate, while they can be cut 
in a fraction of the time taken by hand. Much 
time can also be saved by considering the con- 
struction of a corebox or pattern so that the 
greatest benefit can be derived, from the machine. — 

If the cutters are kept in perfect condition the 
products of these machines require very little 
finishing at the bench, while the time saved easily 
disposes of the crude foundry-made pattern, and 
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makes a woodworking machine almost indispens- 
able in the patternshop. / 


A Modern Method of Construction. 


Having seen something of what can be accom- 
plished by the use of machinery in the pattern- 
shop, the ‘‘ Building Method’ of tee pieces, 
bends, etc., may be illustrated in a practical 
manner. (The author here illustrated this section 
of the Paper by working models.) 

As the tendency of present-day practice is to 
standardise, many parts of pipes and pipe con- 
nections are of standard section. Up to certain 
pressures the metal is of a constant thickness, for 
a certain bore, while the flange thickness, dia- 
meter, number and diameter of bolts are also 
constant; consequently, if a tee piece of any 
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given diameter is required for a certain pressure 
a standard pattern and corebox is made. 

In pipe lines such as boiler-feed, bilge, oil and 
lubricating systems it is frequently found neces- 
sary to vary the diameters of the pipes, and so 
there may be a 3 in. x 3 in. x 2 in. tee piece 
or 5in. x 4h in. x 3 in., and soon. It is then 
that a great multiplicity of patterns accumulates 
and there is also the tendency for the use of the 
skeleton type of pattern to be persisted in. 

In the 3 in. x 3 in. x 2 in, tee piece there 
are parts of a 3-in. standard and a part of a 
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2-in, standard, and when a new pattern 3 in. x 
3 in. x 2 in. is made there is overlapping of pat- 
tern and corebox construction, extra storage is 
required, and in the larger sizes of pipes this 
must be of no small consideration. If instead 
of making complete new standard patterns they 
are made in sections as illustrated (Figs. 7 and 
8), it will readily be seen that by assembling the 
parts required from each set any desired com- 
bination can be arrived at. 

As will be seen from the illustrations, the 
flanged portions are held im position by brass dove- 
tails (Fig, 6), while the centre portion is dowelled 
‘on to the turnover board. The board, if of wood, 
has a metal plate inserted, the plate being drilled 
with holes from a jig; the holes are evenly pitched 
and of such a diameter as to suit the dowels 
(Fig.5). When fixing the dowels on to the pat- 


tern the drilling jig should be used, and any 
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uncertainty of the pattern fitting into its. place 
is eliminated. Moreover, if several turnover 
boards are in use the patterns will be interchange-~ 
able, and any change of formation of the pat- 
tern can be carried out in very short time. 
The system can very conveniently be applied to 
the moulding machine, only it is advisable to use 
a metal pattern plate, The modification required 
for the pattern is the use of another dovetailed 
piece in the end flanges, as shown in sketch No. 
-10. This additional dovetail is kept sufficiently 
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long to cover at least two dowel holes so that 
after placing the special bolt in position it is 
sure to suit a dowel hole. The special bolt and 
wing nut are shown in Figs. 11 and 12. It is 
possible by this means to reconstruct or remove 
a pattern from the machine in about one minute. 
Where special pipe connections are required, such 
as Y pieces, direction pieces, etc,, only the centre 
portion requires to be constructed, the flanged 
ends being used as before. 

The coreboxes are a very simple proposition, 
and when making, say, the 3-in, tee, piece the 
box should be made of a cross formation, as this 
proves very convenient when cross connections are 
required, The boxes can be quickly cut on the 
woodworking machine, and in the case of the 
3 in. x 3in, x 2 in. connection a reducing piece 
can be turned in the lathe, screwed into the core- 
box and the machine can cut out the new J.in. 


405 
end (Fig. 13). Figs. 14 and 15 show various com- 
binations possible with the system. 


Bend Pipe Patterns, 

Applying the ‘‘ Building Method” to bend 
pipes use is made of the standard flange pieces, 
while the bend or centre portion is built up from 
a number of sections of a varying number of 
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degrees. The number of sections for a complete 
Set of a certain size of pipe is seven, made up 
of 1, 2, 4, 8, 16; 32 and 64 deg., so that it is 
possible "to get any combination of angles from 1 
to 127 deg. Hach section has a spigot on 
‘one half and a faucet on the other (Fig. 16). 
The turnover boards have a recess cut, following 
-the radius of the bend into which the spigot half 
of the pattern is fitted (Fig. 16). 

The coreboxes are constructed in degrees simi- 
lar to the patterns, and are mounted on boards 
having a recess as in the pattern plate. Hach 
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section of the corebox has a spigot so that the 
whole can be assembled exactly as the pattern. — 


In many eases half-coreboxes will prove sufficient, _ 


both for bends and branch pieces. Where 
machine moulding~ is adopted, it should be 
pointed out that, by having the holes arranged 
in the pattern plate so as to be symmetrical, and 
by using the drilling jig and standard dowels, half- 
patterns only may be employed, or by using two 
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half patterns together two complete castings can 
be produced. 

The author has endeavoured to show something 
of what can be produced in a modern patternshop 
by modern methods of production, and also to 
draw attention to a system of pattern con- 
struction, the principle of which it may be possible 
to adapt to other classes of work. 

In. conclusion, the author wishes to thank the 
Wadkin Woodwork Machinery Company, who so 
kindly furnished the slides specially for the Paper, 
and also to Mr. H. Bonner, of Messrs. Grey’s, of 
West Hartlepool, who gave him permission to 
make use of the ‘‘ Building Method ”’ of tee pieces 
and bends. 
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DISCUSSION. 


Mr. J. W. Frizr said he had seen something 
which he had not seen before, namely, the con- 
struction of patterns by the ‘‘ Building-up 
Method,” although, of course, it might not be 
new to some people. There were certain things 
Mr. Carr mentioned in his Paper which touched 
upon the question of the co-operation of the pat- 
ternmaker and the foundryman, and the desira- 
bility of a better understanding and better work- 
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ing fellowship between them. He had heard it 
said that the patternmaker was the man and that 
the moulder only came next, but there were also 
cases where the patternmaker wag said to be 
unnecessary. In such a foundry the moulders 
worked from drawings, and he had often seen 
them constructing parts of, say, a cylinder pat- 
tern out of a block of loam. The body of the 
eylinder was swept out with strickles, but the 
other parts of the coreboxes, he did not see, and, 
therefore, whether they were part skeleton or 
otherwise he would not like to say. 

Speaking from the foundrymen’s point of view, 
he thought that Mr. Carr’s method would be 
valuable and would save much time in the case 
of a firm which dealt with standard work, but 
that it could not yery well be adopted in a place 
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where jobbing work was done and where patterns 
were not kept as a general rule. He presumed 
that the method in question was designed for 
machine moulding. In his opinion it would have 
to be changed slightly for certain work. In con- 
clusion he wished to congratulate Mr, Carr upon 
his very instructive Paper. i 

Mr. Herssr remarked that one point was not 
very clear to him, namely, how the pattern was 
fixed to the pattern plate for the machine, because 
it appeared to him that the nuts would get in the 
way. 

Mn. J. M. Smrru said he thought that from the 
remarks which had been made it was important, 
especially for the younger members of the craft, 
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that, as a Branch, they should endeavour to pay a 
visit to one of the more modern foundries of the 
district, i.e., one which specialised in machine 
moulding. 

As the lecturer had explained, with machine 
moulding it was only necessary to use half the 
pattern. In the foundry the moulding box had 
to be made of uniform type so that top and bottom 
could be rammed off one half of the pattern. This 
applied not only to the particular kind of pattern 
shown that night, but to all kinds of present-day 
repeat moulding. It was a most interesting sub- 
ject, and, to the younger men who had been 
brought up in a big jobbing foundry, where .tkere 
was no repetition work, a visit of that nature 
would be an education in itself, 

Mr. G. W. Scorr said the ‘“ Building-up 
Method,’’ which the lecturer had demonstrated, 
was a very ingenious one, but, of course, would 
only be useful where the firm had a good system 
of standardisation. [Without that standardisation 
it would be very difficult to work it with effect. 
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Unfortunately, there were a good many firms 
which had not yet reached that degree of stan- 
dardisation, but he quite saw that where this 
existed the method would be of great value and 
would solve some of the more difficult questions in 
the patternshop. 

Tue CHAIRMAN said he thought that there was a 
standard system nowadays for the making cf pires 
generally. There was also a British standard for 
flanges, and this ought to reduce the amount of 
patterns, which had to be kept in stock. 

Mr. C.Gresty said that there were one or two 
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small points which appealed to him in connection 
with Mr. Carr’s Paper. 

He believed he was right in sdying that 
a great many patterns for repetition | work 
were nowadays made in metal, and _ he 
would like the lecturer’s opinion as to how long 
a metal pattern would last as compared with one 
made of wood., Further, did the castings them- 
selves show any improvement when a_highly- 
polished metal pattern was used? He was also 
wondering who made these metal patterns and 
whether there was such a person as a “ metal 
patternmaker.’’ 

Another question he wished to ask was whether 
the patternmaker could help the foundryman out 
of the difficulty of having to eliminate the use 
- of chaplets? A foundryman was nowadays often 
ordered to make cast-iron castings without chap- 
lets, and it struck him (the speaker) as being 
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rather a tall order in some cases. Had Mr. Carr 
had any experience in that respect? Could the | 
shape, size or length of the core prints be altered 
to help. in this matter? Take, for instance, the 
ordinary globe valve, which contained one or two 
chaplets to support the core. Such castings, he 
believed, could be made without chaplets. Could 
the lecturer tell him whether, by altering the core 
prints, anything could be done to give the cores 
sufficient strength to do without. chaplets? 

In conclusion, he said that in common with the 
other speakers he had been very interested in 
the Paper, and it was the first one he had beard 
on pattern-making at any meeting of the Institute. 


Author's Reply. 


In reply to Mr. Frier, with regard to making 
cylinder patterns out of blocks of loam, Mr. Carr 
said he had heard of many foundry methods and 
what was possible in the foundry, but it was the 
first time he had heard of this being done. Cther 
foundries claimed that thev could make pipes out 
of pieces of sticks. Well, all he could say was 
that he had seen some of the pipes. 

In reply to Mr. Herbst, the degree of accuracy 
which a patternmaker could attain now was a 
little higher at least than that of the prehistoric 
millwright. The patterns could be made on the 
pattern-plate so as to get the two halves definitely 
identical. This could be done quite easily with a— 
turnover board, and, personally, he thought that 
the foundry did not exploit the latter to the 
extent that they might. 
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In answer to the Chairman’s remarks with 
regard to the fixing of the pattern to the pattern- 
plate, the lecturer said that, with a suitable pat- 
tern-plate, the nuts did not get in the way as 
they were arranged so as to be clear of the 
machine table. Where the casting was symmetri- 
cal, one half-pattern only would be required, the 
top and bottom of the mould being made from 
the one half-pattern. Where the pattern was not 
symmetrical, however, it was necessary to use two 
pattern-plates, each having half of the pattern 
attached, or to use the two sides of the pattern- 
plate. 


| 
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In reply to Mr. Gresty’s first question, metal 
patterns would last a lifetime, whereas, of course, 
wood ones would not, but, with ordinary care in 
handling a wood pattern, it would last any 
amount of castings. He thought that one could 
get just as clean a mould from a hard wood as 
from a metal pattern, and did not think there 
was any difference in the castings produced. 

In answer to Mr, Gresty’s question as to who 
made the metal pattern, he said it depended upon 
the district in which one lived. In some districts 
there were men who did nothing else but make 
metal patterns. In a place where these patterns 
were not made as a general rule, however, the 
patternmaker did the job if he could get it, but if 
the authorities said that it could not be made in 
the pattern shop, then it had to go to the fitting 
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shop. It all depended upon which was the 
stronger department, 
With regard to the elimination of chaplets, 
whilst the patternmaker could assist the foundry- 
man in that direction, the engineer could assist 
to a greater extent by designing the casting so 
that chaplets were not required. The lecturer 
then illustrated on the board how this could be 
done in the case of the globe valve. 


Vote of Thanks. 


A hearty vote of thanks was proposed to the 
lecturer by Mr. OC. Gresty. Mr. Frizr seconded, 
and said it was the first Paper of that type which 
they had had, and he was only sorry that there 
were not more patternmakers present to take 
part in the discussion, 
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Wales and Monmouth Branch. 


_ MAKING A MOTOR ROAD ROLLER. 


By Ben Hird, Member. : 


Fig. 1 illustrates a casting for the hind roller 2 


of a Barford Perkins motor road roller. It’ is 


4 ft. 6 in. long by 4 ft. dia., whilst the thickness 
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of the perifery and ends is 24} in. This casting 
weighs 3 tons, but larger sizes weighing 5 to 6 - 
tons are made. The weights often are required ‘to 
vary in the same size of rollers. This is effected 
by adding extra thickness to the perifery walls, 
by making the diameter of the core smaller. There 
is a 12t-in. diameter hole at each end, and also 
a facing ring at the end, as is shown in Fig, 1. 
These are machined to a definite length-gauge to  , 
receive the gudgeon-pin castings. This is the only 
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machining done to the rolls. The face of the 
perifery must be perfectly smooth and free from 
marks or swells.. Therefore, the whole mould has 


Fig. 2.—C.1. CyLinpER USED 4S PatTrerRN 
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to be wet blacked and thoroughly dried in a stove, 
The whole of the mould and core are rammed on a 
Mumford plain jolt ramming machine having a 
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6-ft. table and a lifting capacity of over 6 tons. 
They are finished and blacked by skilled moulders. 
At the opposite end to the one shown on the illus- 
tration a 14} in. diameter thimble or union with 
internal thread is cast in at the inside edge of 
the beading. This .is used for filling the roll 
with water, which is used as ballast when heavier 
weight is required; it is plugged with an ordinary 
gas plug. 

Fig. 2 shows the cast-iron cylinder which is used 
as a pattern for moulding the middle part of the 
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mould; it is about 2 in, thick, and machined in- 
side and out with a very slight taper on the out- 
side. The four small holes in the top edge of 
the pattern are for inserting hooks to draw the 
pattern from the mould; this is done with the 
aid of a crane, the pattern being well rapped on 
the inside with wooden mallets before and during 
the operation. 4 

The table of the jolting machine is seen pro- 
jecting about 2 in. above the floor level. On the 
table of the machine a cast-iron ring 5 in. deep 
and 21 in. thick, machined true on both edges, 1s 
placed. This is designed to take the pattern 
plate, which has lugs cast on and machined accu- 
rately with the centre, which engage the cylinder 
-and hold it in position. On the other side is the 
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SF pattern for moulding the top and bottom ends. 
The projecting round edge of the pattern fits 
easily inside the ring and helps to prevent any 
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Fig. 6.—Tor anp Borrom Parts READY FOR 
STovING. : 


tendency of the pattern plate to slide off the ring. 
The four pins for setting the middle part. of 
' the box are drilled radially with the centre of the 
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plate, and slotted for cotters, which are used for 
holding the box to the plate. 

A 5-ton electric crane operates over the machine. 
There is also a 10-ton crane in this moulding bay. 
The two cranes co-operate to handle this job, 
and any others that happen to be under construc- 
tion in the bay. 


Arrangement of the Bay. 


The jolt ramming machine is at the bottom end 
of the bay, quite close to the sand-mixing plant. 


Fig. 7.—Jouting vue THE Mippie Section. 


In the centre of the moulding bay, finishing and 
casting of the moulds is carried out Near the 
top end are two large core stoves, and next to 
these at the very top end are the cupolas—one 
small one of about 24 in. inside diameter, and 
a larger one 36 in. diameter next to it. The 
large roll moulds are finished and blacked opposite 
to the stoves, and assembled and cast opposite the 
cupolas. 

In Fig. 3 is shown the other side of the pattern 
plate, which is used for making the top and 
bottom parts of the roller. The part forming the 
round edge is detachable, so that it can he 
changed when square edge or slightly different 
sizes are required. The recess in the centre takes 
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the centring boss of the bottom-part box. When 
making the top part, a centre pin about 10 in. 
dia. is located in the centre hole (as is shown in 
Fig, 4), and through which the core is held down 
and the gases escape, The facing piece is a loose 
wood ring located in the centre of the raised 
beading. : 


Fig. 8. C.I. Centrine Boss anp Lone Eve- 
Botr ror CarRYING tHE CorzE. 


Moulding Box for the Bottom Part. i 

In, the centre of Fig. 4 is shown the boss, which 
is bored with a good taper and faced true for 
receiving the centring pin of the core, when the 
job is being cored up. The bars are wedge-shaped 
in section, the thin edge being nearest the pattern, 
to allow the sand freedom to pack under the bars 
when being jolted. The top-part box is very 
similar, with the exception of the centre, which 
is a plain ring bar about 12 in. dia. The boxes 
are spht through the edge and bars to allow for 
expansion and save them splitting in a more in- 
convenient place. As will be seen, the stout box 
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handle acts as a cramp at this place. The pins 
are cotter-pins, and the holes’ round the edge 
for extra bolts for securing up before casting. 
The top part is shown in Vig. 5 filled up with 
sand ready for jolting. The same ring that is 
used to support the middle-part plate is placed 
on the jolt table, the pattern plate put on this. 
The runner pegs are set on the loose facing ring, 
and the guide pin put in the centre. About 14 in. 
of sand is riddled on over the face, the edges of 
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the plate, where the box takes a bearing, swept 
clean, and the box bedded .on and firmly cottered 
down through the pins. A few lifters are put 
in here and there to help to hold up the top 
during casting, and sand is filled in to 4 or 5 in. 
above the top of the bars, to allow surplus sand 
for jolting. The mould is then jolted about sixty 
to seventy jolts, the loose sand left on top is gone 
over with a flat rammer to tighten it, and then 
shovelled off level with the bars. The mould is 
then lifted off with the crane and taken away 
down the shop for finishing and blacking.  -The 
bottom part is made in almost the same manner. 
After the facing sand has been riddled on, the 
centre is cleared to allow the machined boss to 
take an iron to iron hearing on the plate, 
p2 
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In Fig. 6 is shown the top and bottom parts 
finished and blacked ready for putting into the 
stove. The left hand is the top and the right 
hand the bottom. On the top part in the facing 
piece are four runners and the riser off the top 
of the rounding edge. At the bottom left-hand 
corner is the threaded thimble, through which the 
roll can be filled with water for ballast. The pro- 
jecting ring of sand round the centre hole takes 
a bearing on the core, which takes a bearing on 
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a similar ridge on the bottom part, but the weight 
of the core is taken on the metal boss in the centre. 
The middle part, shown in Fig. 2, as has 
already been explained, is the cast-iron cylinder 
pattern in position on the plate. Before putting 
on the middleypart moulding-box, the outside 
pattern is well wiped over with a piece of waste 
soaked in paraffin. 

The middle part is shown in position in Fig. 7, 
filled with sand and almost ready for jolting. 
The box part is built up of three separate 
sections. This was done for the purpose of adapt- 
ing the boxes to suit various lengths of rollers. 
Small holes were drilled in the boxes for vent 
and to allow steam to escape during drying. There 
are four stout equally-spaced trunions for handling 


purposes, 
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The conical arrangement surmounting the mould 
is made of sheet iron, and is placea on the top 
of the cylinder pattern to prevent the sand 
falling inside, and to provide a feeding head of 
sand while the mould is being jolted. The sheet- 
iron ring jn front is placed on the top edge of the 
box to further assist in making this head of sand. 
When the sand has been piled up as high as pos- 
sible and jolted, a second filling and jolting is 
necessary to ram the mould to the top. The first 


Fie. 11.—THe Drizp Cork READY FOR 
ASSEMBLING. 


ramming settles the sand to about the top of the 
first joint; about sixty jolts are given to each 
ramming. The cone and ring are then removed, 
and the top edge finished off with a flat rammer. 
The mould and plate are removed down the shop 
for drawing the pattern and finishing the mould. 
So tightly is the sand packed, that one instance 
is recalled where the pattern, for some cause or 
other, had been left in the sand overnight; it 
clung to the pattern, and came out with it, strip- 
ping away from the sides of the box almost clean. 


Core-making, 


The making of the core is carried out on the 
jolt machine. For some months after the moulds 
had been successfully made, the cores were still 
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rammed by hand. It was thought, if the outside 
could be rammed, so could the inside, and after 
trial it was found to be quite successful. Fig. 8 
shows the cast-iron centring boss and the long 
eye-bolt for carrying the core. The iron boss 
is machined with taper on the small part, and 
faced true on the underside of the large part, 
it is tapped to take the small eye-bolt at the 
bottom and the long eye-bolt at the top. The 
tapered part is made an easy fit in the hole in 


Fie. 12.—THe ASSEMBLED CORE READY FOR 
CASTING. 


the centre of the bottom part shown in Fig. 7. 
The curved sheet-iron plates are placed inside the 
cast-iron cylinder pattern to form the outside 
diameter of the core; these are made to various 
diameters to suit the thickness and weight of 
the roller as required. 

The skeleton of the core is shown in Fig. 9, 
and, like some other skeletons, part of it has been 
wired up, which explains the apparent suspension 
‘in mid-air of the centre ring. On the jolting table 
a ring about 11 in. deep is placed to allow for 
centring pin and small eye-bolt, which projects 
through, the core plate; the centring pin is placed 
in a hole in the core plate just large enough 
to admit the small part, and securely fastened 
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underneath with the smal] eye-bolt and washer. 
The hole for the long eye-bolt is plugged with 
waste. The cylinder pattern is now placed on 
the plate, and located by the raised pieces pro- 
jecting above the plate. The two semi-circular 
sheet-iron plates for forming the thickness are 
placed inside, and sufficient sand shovelled in to 
allow for well bedding down the bottom core iron. 
The loose sand is cleared of the top of the cen- 
tring pin, the waste taken out of the screw 
hole. A washer sufficiently large to engage the 
core iron is placed on the centre, and the large 
eye-bolt screwed down until its collar tightens on 
to the washer. More sand is thrown in and 
rammed by hand to about 2} in. above the core 
iron. A smaller iron cylinder pattern is now placed 
in position in the centre, allowing space for about 
3 in. of sand all round, which is now filled in level 
to the top, and the centre-core ring placed on this. 
When the core is jolted the ring settles with the 
sand to about a central position. More sand is 
filled in, and the core jolted solid to the top. 
The centre cylinder is then withdrawn (Fig. 10). 

The vent barrel is now set in position and the 
centre space filled up with coke, which is given 
a few jolts to pack it. The coke and sand are 
now levelled off to just below the top of the vent 
barrel, and the top core iron bedded on. 

The small cup or ring is set centrally on the core 
iron for packing to hold the core down, when 
closing the mould. Sand is now thrown, on, and 
the ramming of the top face of the core is finished 
by hand, and strickled out to allow for the 2} in. 
of thickness at the top end of the cylinder. The 
plate shown below the bottom core-iron forms the 
thickness at the bottom end (Fig. 9). The whole 
is now carried down the shop on the core plate by 
the crane, the cylinder pattern withdrawn, and the 
two half-circular sheet-iron pieces taken away. 
The core is finished and blacked by the moulders 
and put into the stove on the plate to dry. Two 
ribs for extra strength are cut by hand round the 
core. 

Fig. 11 shows the dried core removed from the 
core plate and ready for lowering into the mould. 
The centring pin can be seen resting on the 
block, 
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Lancashire Branch. | 


SOME METALLURGICAL POINTS IN ELECTRIC 
STEEL CASTINGS AND NOTES ON DEFECTS. 


By F. A. Melmoth (Mappin Medallist), Member. 

The normal metallurgical procedure in the 
production of electric steels has been dealt with 
quite fully in many Papers submitted to mem- 
bers, and needs no further discussion at the 
moment, The writer feels, however, that there 
must be many users of electric furnaces, who, 
like himself, are occasionally thrown into con- 
tact with cases of abnormal behaviour—occasions 
when the usual metallurgical explanations fail to 
meet the-case, and where known and demon- 
strated facts offer no acceptable elucidation of 
the trouble. With a view principally to stimulat- 
ing discussion, the present Paper attempts to 
deal with one or two of these questions, and 
offers tentative theories, none of which is given 
with any degree of dogmatism, 


Fluidity. 

In previous Papers dealing with steel castings 
the writer has mentioned briefly the matter of 
the comparative fluidity of these steels. He has 
suggested that fluidity may not be a direct func- 
tion of temperature and orthodox composition. 
The well-known difference in fluidity, or “ life” 
as it is often called, existing between electric 
stecls and converter steels of similar composition, 
has been explained theoretically in several ways. 
It has been stated in fact that the difference 
does not exist, and that given temperatures in 
‘either type will produce equal fluidity. The 
writer cannot, however, accept this, and he be-. 
lieves that most practical steel makers who have 
had the opportunity of working the two pro. 
cesses, side by side, on the same material, will 
agree that a marked difference does exist. 

The suggestion has been put forward in 
explanation of this, that in the case of the con- 
verter metal, its method of production almost 
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ensures the presence of dissolved oxides, which 
continue to react with the deoxidising elements 
added, with consequent production of heat during 
the period of casting. One would expect in this 
case to find an appreciable loss of such elements 
during this period, which is not borne out to any 
serious extent in practice. a 

As a contrast to this theory there is the pos- 
sibility of the direct solution of oxygen, or 
oxides, ‘which by their presence lower the 
solidification point of the steel, thus giving a 
longer liquid range and consequently increasing 
the ‘‘ life” of the molten metal. The writer 
prefers to keep an open mind on this question, 
and would merely state a few observations 
carried out over a period of some years. 


Method of Production. 


Electric mild steels can be produced either by 
the single or double slag process, the choice 
depending on the quality of the scrap material 
to, hand, or the degree of purity demanded in 
the product. In the double slag process the 
melting slag, high in oxides, is removed after 
melting is complete, and with it the bulk of the 
original phosphorus content of the charge. <A 
new slag is then made on the metal by the addi- 
tion of lime, and a small amount of spar, which 
slag after fusing, is kept decidedly reducing in 
action by the periodic addition of small quantities 
of anthracite coal dust or similar material. Such 
a slag rapidly removes oxidising conditions, and 
there is little doubt but that the bulk of the 
oxides are removed thus from the bath of liquid 
metal, Finishing alloys are added and, given 
sufficient heat, the material is cast in the 
ordinary way. 

In the single slag process, however, all the 
operations are carried out under the one slag. 
This slag contains quite appreciable percentages 
of oxides, even up to the time of tapping the 
steel, and strongly reducing conditions are not 
present, 

_It has been the writer’s experience that the 
single slag method of production produces a 
material more capable of running light sections, 
and easier to manipulate in hand shanks for 
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small work, owing to its apparent greater degree 
of fluidity. He would reiterate that differences 
in composition from the orthodox standpoint are 
certainly not the reason, and as the difference is 
noticeable almost consistently over a great num- 
ber of charges. it is unlikely that variations in 
temperature should always react in the’ one 
direction. 


Effect of Strongly Reducing Slags. 


It has been the experience of most producers 
of electric steels using two slags, and strongly 
reducing conditions, to come up against an occa- 
sional charge of an unusually viscous nature, 
The writer has experienced several such charges, 
and has been unable to associate the peculiarity 
with temperature. In conjunction with his 
colleague Mr. George Batty, Works Manager of 
the National Steel Foundry, he arranged for a 
close observation in this works, and the one with 
which he himself is connected.. Electric furnaces 
of three different makes could by this means be 
observed, together with converter produced steels 
of the same general analysis. 

The same conditions were found in both works. 
Certain charges, fortunately of infrequent occur- 
rence, were found to be of such a sluggish nature, 
although extremely hot, that it was impossible 
to handle the material in shanks at all. 

In order to ascertain whether this was in any 
way due to the strongly reducing conditions, 
steps were taken to remove promptly such condi- 
tions on each occasion that a charge behaved in 
this manner. By the addition of a small 
quantity of iron ore to the slag, or of rusty steel 
scrap to the bath, the slag was made slightly 
oxidising. The viscous condition was removed, 
and there is no doubt in the writer’s opinion, 
therefore, that this sluggish condition is in some 
way connected with the strongly reducing condi- 
tions of the double slag process. 

A point strongly noticeable about such charges 
when being cast was that in appearance they 
were very much hotter than converter metal of 
similar composition. They were glowing white, 
and invariably set over in a skin on the surface 
of the metal’ immediately it was in the shank, 
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This lead to the consideration of the possibility 
‘that the condition was one in which the material 
had the peculiarity of dissipating large 
amounts of its heat energy in the form 
of light. A singular point bearing on this, 
is that many of these charges could be satisfac- 
torily cast from the bottom pouring ladle direct 
into the moulds although skimming over imme- 
diately if they exposed any appreciable surface, 
such as in a hand shank, | 

Mr. Victor Stobie’s contribution to the discus- 
Sion on the writer’s Paper. given at the Man- 
chester Conference two years ago contained a 
striking point which can be taken as some con- 
‘irmation of the above suggestion. In order to 
fill up some feeder heads, Mr. Stobie took wild 
highly oxidised electric furnace: metal which had 
been subjected to no reducing slags. Ferro- 
silicon, etc., was added to quieten it, and much 
to Mr. Stobie’s surprise the material ran per- 
fectly and left the ladle quite clean, The inter- 
esting point in view of the writer’s present 
remarks is that Mr. Stobie remarked on the 
cold appearance of the material as it was cast, 


in fact, the writer believes he likened it in colour 
to cast iron. 


Effect of High Temperature and High Silicon Combined 


A second very uncomfortable type of happening 
which is also fortunately infrequent, is that of a 
charge which is hot and wild, and cannot be 
quietened by ferro-silicon additions except in 
very unusual quantities. Several of these have 
come under the writer’s personal notice, and in 
almost every case, although a final sample taken 
from the furnace has been dead and apparently 
quite in order, the steel has risen badly in the 
moulds, and any castings made have been 
scrapped, : 

Returning the remaining liquid steel to the 
furnace and treating it for a further 
under a reducing lime slag, although resulting 
in a sound furnace sample exactly as before, was 
only followed by the same result. If the steel 
were allowed to solidify, and the resulting metal 
then remelted and dealt with normally, no trouble 
was experienced. The most Surprising fact was 
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that silicon was invariably very high, often from 
0.7 to 0.9 per cent., and the material hot. 

Careful observation revealed that in most cases, 
either owing to poor bricks, or careless workman- 
ship in control of the furnace, the roof and walls 
has been badly run, and the slag become conse- 
quently somewhat siliceous. Additions of ground 
anthracite coal to the slag obviously accounted for 
the high silicon content by the reduction of the 
silicon so obtained from the slag; but, why did 
the steel rise, and why was it necessary completely 
to solidify it and remelt before it could be made 
sound? Also, why were the furnace samples sound 
before tapping? 

With all reserve, the writer suggests that in 
some manner, probably related to the silicon con- 
tent, the steel possessed a greatly increased capa- 
city for absorbing gases, and retaining them only 
in the fluid condition. These gases were thrown 
out of solution during solidification, and caused 
the steel to rise. The samples from the furnace 
taken in a slag-covered spoon were not subjected 
to the mould gases, and were therefore sound. The 
evidence still suggests, however, that it is pos- 
sible the condition of the silicon content was dif- 
ferent from that of a normal steel, and a little 
thought will show that quite a moderate form of 
the same trouble might account for many of the 
cases all steel founders come across, of apparently 
inexplicable unsoundness. There are undoubtedly 
many such cases, as where analysis is apparently 
correct, mould and cores in every way identical 
as nearly as is humanly possible, and yet there 18 
the occurrence of most aggravating patches of 
trouble from unsoundness. 


Contraction: Effect of Process. 


A point of unusual interest is that of contrac- 
tion when considered in the light of the above 
points. The normal contraction allowance for mild 
steels of the converter type is + in. to the foot. 
For electric furnace steels, of the double slag type, 
which have been subjected to what the writer 
would call “over reducing” conditions, the com- 
mon. allowance is 3 in. to the foot. As these steels 
are of practically the same composition, the ques- 
tion at once arises why should their degree of 
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linear contraction vary? The writer can offer not 
the slightest feasible suggestion on the point, but 
careful measurements being made at the present 
time in the works with which he is connected, sug- 
gest that single slagged electric furnace charges, 
which have not been ‘over reduced,’’? have a 
linear contraction practically identical with con- 
verter steels of similar composition. This does 
not seem to make it reasonable to associate the 
phenomenon with casting temperature, but it does 
appear to add substance to.the writer’s sugges- 
tion that steels of identical orthodox composition 
can behave in different manners, according to the 
conditions to which it is subjected during manu- 
facture. 


Behaviour in the Mould of Steels made by Different 
Processes. 

Carrying the comparison of converter steels and 
electric steels, or single slagged and double-slagged 
electric steels, into the realms of practical be- 
haviour in the mould, the writer has found some 
remarkable impressions in the minds of the 
moulders handling the various kinds of steels. He 
is not prepared to explain these away as the re- 
sults of prejudice, in fact he feels that only the 
worst form of prejudice can cause one to ignore 
the intelligent observations of the moulders con- 
cerned. The writer is carrying on his efforts to 
check and prove or disprove many of the ideas put 
to him by such people, and is not prepared at the 
moment to offer more than mere comment. He 
would, however, assure members that even in the 
present stage of his inquiries he is convinced that 
the majority of these observations are founded on 
something more than fancy, and also that they are 
all in some way interconnected; comparative 
fluidity, linear contraction, behaviour to mould 
gases, etc. 

It is a common impression that smaller risers are 
needed to produce soundness in a given section of 
converter steel than is the case with ‘over re 
duced ”’ electric steel. The writer’s own experi- 
ence goes rather to prove this, and in connection 
with it would mention one point brought to his 
notice some time ago. 

The chemist of the National Steel Foundry, Mr. 
Windsor, by which firm. the writer was en- 
gaged at the time in a consulting capacity, stated 


431 


most definitely that two tons of electric steel of 

the “over reduced”? kind, occupied more ladle 
space than an equivalent weight of converter steel. 
As, in the solid form, the two steels are almost 
identical in weight for a given bulk, the writer 
would like to know whether this can be in any 
way interpreted as a reason for first the excessive 
contraction of such over reduced material, and 
secondly for the moulders’ contention that such 
material requires larger feeding heads. 


Aksorption of Mould Gases. 


Susceptibility to the effects of mould gases 1s 
another charge laid by the practical man against 
the ‘‘over reduced” electric steel. Regarding 
this, the writer asserts most emphatically that the 
most difficult steel in his experience from which 
to make a really sound casting is one which has 
been subjected for a too prolonged period to 
strongly reducing conditions. No obvious explana- 
tion occurs to the writer for such behaviour, but 
he would quite tentatively suggest the following 
as a theory which at any rate supplies a point for 
discussion, however incorrect it may ultimately be 
proved to be. In the molten superheated-condi- 
tion, all these mild steels must possess a capacity 
for gas solution. This solution may be of tem- 
porary nature, the gases being evolved on solidifi- 
cation, or it may quite possibly be that in some 
cases the solution is permanent, and the gases are 
held in solution even in the solid condition. Ts it 
possible that steels made in the conditions existing 
in the converter have used up their available capa- 
city, in other words, are they in some fashion, 
saturated? And, is the material with which they 
are saturated, capable of being held in solution 
through solidification ? 

An affirmative reply to these questions would 
suggest that on coming into contact with mould 
gases, such steels, being incapable of taking them 
into solution, will drive them forward and merely 
displace them without absorption. 

The atmosphere in which electric steels are made 
is very different, however ; in fact, great claims are 
made for these furnaces on account of their atmo- 
sphere and degasifying conditions, Then, is it 
not conceivable to suppose that such steels arrive 
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in the mould with a great capacity for absorbing, 
unfortunately often in an only temporary manner, 
large quantities of such gases as they encounter | 
during pouring? 

The writer feels that such a theory is difficult to 
substantiate by actual proof, but he believes that 
this temporary absorption of mould gases and their 
liberation on solidification is at the bottom of many 
steel foundry troubles. Many foundries add small 
quantities of aluminium actually to the stream of 
metal as the mould is being cast, and some foun- 
ders state most emphatically that added thus it is 

_ much more effective in promoting soundnéss than 
when added to the ladle during pouring from the 
furnace. 'The writer is definitely inclined to agree 
with this, and would suggest that this belief might 
possibly be taken to have some connection with the 
theories above mentioned, on absorption of mould 
gases. Aluminium is believed to possess the capa- 
bility not only of removing dissolved oxides but of 
conferring upon steel the capability of retaining 
gases in solid\solution. If, therefore, it be added 
almost at the precise moment at which the steel 
absorbs such gases, and is actually present in the 
metallic form, it appears probable that such action 
will then take place with the greatest efficiency. 
The writer holds that aluminium added to rising 
steel in an endeavour to make it sound when cast 
is grossly bad practice, and the steel suffers in 
consequence, but he believes that small quantities 
added to well made, and deoxidised steels, tend to 
confer on the steel the capacity of dealing more 
satisfactorily with any gases with which the steel 
may come into contact during casting. 

The foregoing would suggest that in order to 
obtain the most satisfactory results, silicon con- 
tent should be no higher than is called for to en- 
sure initial soundness in the steel, whilst it would 
be of benefit to keep manganese on the high side, 
say, from 0.7 to 0.9 per cent. This is found to be 
in accordance with actual practice. A high silicon, 
particularly if thin sections, calling for abnormally 
high temperature, are the order of the day, does 
not favour the production of sound castings but 
rather the reverse. 

The metallurgical consideration of electric steel 
castings is closely bound to the question of sands, 
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in fact, it is extremely difficult to deal usefully 
with one without the other. The writer would | 
emphasise that it is not by any means a difficult 
matter to make perfectly sound mild steels elec- 
trically. To produce from such steel perfectly 
sound sand castings is altogether another question. 
Every practical foundry man attaches due import- 
ance to the effects of sand, variations in its physi- 
cal and chemical condition, its moisture, and the 
degree of ramming to which it is subjected. He 
takes it as an accepted fact that all these points 
can materially affect the successful production of 
a casting, even given well-made metal. 


Suggested Research. 

Whilst realising this, it appears to the writer 
that the line of progress from the purely metal- 
lurgical side, is in the direction of the study of 
mould effects upon liquid metal, and the subse- 
quent attempt to produce steels less affected by 
such actions. Accepting the fact that. highly 
superheated steels may and probably do, dissolve 
large amounts of gas when cast, then fairly 
obviously a profitable line of investigation exists 
in two directions. The first, can any conditions 
be induced in the steel in which it shows this 
solvent action to a lessened degree, and second, 
can the steel’s chemical constitution be made of 
such a type as to favour the permanent solution 
of these gases in the solidified condition? 

Assuming there to be any foundation of fact in ~ 
the suggestions previously made in this, paper, 
then the assumption would be that the first con- 
dition is affected by the silicon content. In 
other words, excess silicon with high temperature, 
has a tendency to increase the temporary solu- 
tion of gases, and their partial evolution on 
solidification. The second condition, ‘again 
assuming the general accuracy of the observa- 
tions, would be affected by both aluminium and 
manganese, each of which appear to favour the 
epeenton of dissolved gases in the solidified 
metal, td 


DEFECTS IN STEEL CASTINGS. 


In a Paper of this type, it would appear that 
only defects of a metallurgical kind should be 
dealt with, but as previously stated, defects due 
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to metal and defects due to other factors affect- 
ing the metal are too closely related to be use- 
fully discussed separately. 


Porosity. 


The most common defect is porosity, and this 
may be of several kinds. When directly attri- 
butable to metal, it is due to an oxidised con- 
dition of the steel, and denotes incorrect furnace 
manipulation. Fortunately, analysis will almost 
always explain the trouble, and no ambiguity 
exists in allocating the blame. 

There-are, however, many cases of porosity, or 
sponginess, which cannot be so easily dealt with. 
The association of porosity with the condition of 
the metal as handed to the moulder, in all cases, 
is not unknown to the writer, and whilst this 
constitutes a very convenient attitude for the 
moulder, it ignores some of the most important 
factors in the production of steel castings. 
Badly-vented moulds or cores, a more or less 
impermeable sand, an excess of moisture, or the 
existence of steam in a partially dried alleged 
dry mould, can all cause sponginess, sometimes 
locally in the casting, and sometimes general. 

In connection with porosity an interesting 
point is the consideration of the comparative 
liability of steels made by different processes, to 
this defect. 

Contributing to the discussion on Mr, Bradley’s 
Paper on Light Steel Castings given at the 
Birmingham Conference a few years ago, Mr. D. 
Wilkinson, whose experience of light steel cast- 
ings is extensive, emphasised the necessity for the 
highest attainable temperature of casting to 
ensure soundness. Mr. Wilkinson is, of course, 
at present producing his metal by the converter 
process. The writer having some experience of 
this metal is inclined to agree, but does not con- 
sider it advisable to classify this and the 
behaviour of electrically-produced steel in the 
same category, 

It does most certainly appear that porosity is 
a decided possibility in electric steel, cast into 
sand moulds, as a direct outcome of too high a 
casting temperature. Many cases of ‘abnormally- 
hot charges showing porosity in the first castings 
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made, whilst the metal was at its hottest, have 
come to the writer’s notice. Analyses was 
identical in both porous and sound castings, the 
only difference being that the sound castings 
were poured from metal which had lost its first 
extreme heat. Close observation has confirmed 
the opinion that whilst hot metal is an absolute 
necessity, yet a point exists beyond which the 
liability to unsoundness is markedly increased. 
If the suggestions made earlier in this Paper can 
be applied, an explanation is forthcoming. The 
gas solubility capacity of the steel, and the writer 
refers to temporary solubility, is increased by 
the high degree of superheat, with the conse- 
quence that quantities of gases, in solution at 
high temperatures, are thrown out on approach- 
ing solidification, with consequent unsoundness in 
the casting. The suggestion previously made 
that converter-produced steels have a less avail- 
able gas-dissolving capacity would offer an 
explanation of the difference in behaviour of the 
steels referred to by Mr. Wilkinson, and those 
being now discussed. p 

Another possible cause of porosity which is 
‘intimately connected with steel production _ is 
possible slag action in the ladle. Should the slag 
be allowed to become in any degree oxidizing just 
before pouring, its churning up with the steel 
during pouring from the furnace is liable to pro- 
duce reaction between its contained iron oxide 
and the deoxidizing elements of the steel. This 
may result in their being reduced to a point at 
which they are incapable of ensuring soundness, 
and porosity in the castings will result. 

Obviously in cases definitely associated with 
faults in the metal, such as have been mentioned, 
evidence exists which allocates the blame com- 
paratively easily. Analysis, where silicon is too 
low for safety, prevents any possible argument. 
In the latter case, where slag action in the ladle 
is involved, an inspection of the slag will imme- 
diately suggest the cause of the trouble. Even 
in the case of an excessive temperature of cast- 
ing, the fact that only the first castings poured 
are affected, tends to the assumption that exces- 
sive temperature has been the culprit. It is 
therefore an easier matter to deal with such cases 
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of porosity than others which may be due to one 
or more of a number of reasons connected with 
the mould itself. Defective venting, wet sand, 
close impermeable moulds due to too fine a grade 
of sand, or an excessive amount of a clayey bond, 
are all serious contributive factors to porosity. 
In almost all cases where castings suffer from 
porosity directly due to metal, such porosity is 
general, and all castings from the particular 
charge are affected. Odd cases of porosity or 
local porosity in a casting are naturally much 
more likely to come under the category of mould- 
ing defects than metallurgical manipulation. 


Contraction Cracks. 

Unless special~ precautions are taken in the 
mould, mild steel castings, particularly if of a 
fragile light-sectioned nature, are very liable to 
crack on cooling. Metallurgical error can 
undoubtedly contribute to this. 

Mild steels, high in sulphur, are notably ten- 
der when cooling from the liquid condition. To 
some extent this can be counteracted by working 
with a fairly high manganese content. By the 
formation of manganese sulphide in such a man- 
ner, which exists as minute dots throughout the 
steel, the alternative formation of iron sulphide 
is prevented. Iron sulphide having a low fusion 
point, exists between the iron crystals in a more 
or less filmy form, thus partially destroying their 
cohesion. After the crystals are formed and the 
material solidified, such sulphide can still remain 
fluid, causing the material to be excessively weak 
at a red heat, and to offer little resistance to 
the strains to which it is subjected during cool- 
ing and contraction. 

Here again, analysis points out the cause, which 
should never be existent in basic electric steel. 
One of the most valuable properties of the basic. 
electric furnace is its ability to produce with 
ease very low-sulphur material. 

Badly made steel, tapped in a rising condition, 
is sometimes corrected and made apparently sound 
by overdoses of aluminium. The writer has pre- 
viously condemned this as very bad practice, but 
would add that such material is also very liable to 
crack in the castings. This is no doubt due to the 
inclusion of quantities of non-metallic material, 
such as alumina, 
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Given a good steel, and normally careful. 
methods of moulding to prevent cracks, the writer 
is of the opinion that faulty designing is. 
responsible for more trouble with cracked castings 
than any other cause. Designs are often sub- 
mitted to the steel founder which have been 
evolved quite obviously with only one object in 
view, namely, to fit into the place desired by the 
designer. The writer believes most strongly that 
a short course of steel foundry instruction should 
be a component part of the training of all 
designers engaged on parts for production as steel 
castings. Indiscriminate variation of section, the 
existence of large bosses demanded solid on other- 
wise thin sectioned castings, are often a perfect 
bugbear to the steel foundryman, and his failure 
to give satisfaction is no doubt attributed to his 
ignorance. Whilst intelligence properly applied © 
when making the moulds will assist materially in 
preventing such cracks, no skill of the moulder 
will reverse the natural laws governing the solidi- 
fication and cooling of steel. Its comparatively 
high degree of contraction, its high melting-point, 
and weakness at high temperatures are all definite 
- laws over which the founder can exert no control. 
He can only take all possible precautions to pre- » 
vent their causing an excessive degree of trouble. 
In the writer’s opinion such points should also 
receive the careful consideration of the designer. 
Granting the engineering demand as_ regards 
general design, he should as far as possible bear 
in mind the following points:—(a) Section of 
metal should be as even as practicable; (b) sharp 
changes of section and sharp corners avoided 
wherever possible; and‘(c) the minimum number 
of heavy bosses, which latter should be cored out 
if in an inaccessible position for feeding, a ‘state 
of affairs which often exists. A consideration of 
these simple points would most decidedly minimise 
the tendency to crack exhibited by many castings, 
particularly of the automobile type. 


Contractien Cavities or “Draws.’’ 


The liquid contraction of steel being consider- 
able, steel castings are somewhat prone to this 
trouble. Heavy risers are often necessary, and 
careful attention to their point of application and 
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shape is one of the vital points in the production 
of sound castings. Design will not always permit 
“of correct methods being applied, and here again 
the consideration of the designer is called for. 
_In order to mitigate the ill-effects of contraction 
where feeding is rendered difficult by design, 
various methods are resorted to. The insertion of 
nails, the application of internal and external 
chills are common methods applied. 


Although these methods are often successful in 
degree, it must be admitted, however, that they 
carry with them the possibility of introducing 
other troubles. Design of chills and their com- 
parative thickness must be carefully studied in 
relation to the job being made, or very often the 
latter state of the casting is worse than its first. 
External chills, for instance, if too severe in their 
effect, are very liable to cause serious cracks. The 
object of chills being to induce comparatively even 
temperature conditions throughout a cooling cast- 
ing by the abstraction of heat from the thicker 
portions, it follows that an excessive chill effect 
will defeat this object, and merely remove the 
position of the trouble from one part of the casting 
to another. ‘Soundness may be improved from 
the drawing standpoint, but cracking troubles 
encouraged. . 


Internal chills, say in heavy bosses, are very 
useful to the steel foundryman when design will 
not permit-of satisfactory feeding arrangements, 
but ‘here again great caution is necessary if 
trouble is not to result. In green-sand moulds 
moisture is very apt to deposit itself on chills or 
nails, and if moulds are left closed too long before 
casting almost certain blowing can be expected. 


It has appeared to the writer that many defects 
described by the practical moulder as draws are 
in fact blows, or in some cases a combination of 
the two. Some years of observation have con- 
vinced him that could gas occlusion, caused either 
by blowing in its many forms or by the turbulence 
of the steel during the pouring operation, be 
entirely prevented, much of the trouble attributed 
to ‘‘ drawing’ would not be present. This will 
be considered further in the next section of the 
Paper referring to blown castings. 
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Blown Castings. 


This defect will be considered as altogether a 
separate one from blowholes, whigh previously 
have been discussed under the heading of porosity. 
Whereas the former occur as numerous small holes 
either general or in some local part, the type now 
being dealt with generally exhibits itself as a 
large cavity, existing in one or more parts of a 
casting. 

In almost all cases it can definitely be assigned 
a cause without difficulty. Ineffective or non- 
existent venting of cores or moulds, the use of 
wet or dirty chills, are the usual causes. Design 
in this instance can once again contribute 
materially. Comparatively small, deep recesses 
in the vicinity of heavy sections of metal will 
almost without fail cause a blow, which will 
usually pass into the heavy section. Very often 
this can be seen immediately the casting is 
cleaned, as the hole caused by the blow comes 
right to the surface, but often the metal closes 
behind the gases penetrating the steel, and the 
hole caused is not discovered until machining 
operations are well advanced. 


DISCUSSION. , 


In the absence of the Author, this Paper was 
read by Mr. G. Batty, Technical Director of the 
National Steel Foundry (1914), Limited. 

The discussion was opened by the CHAIRMAN 
(Mr. J. Masters), who asked for information as 
to the effect of the higher casting temperature 
of basic electric steel. This might be the cause 
of the additional contraction which was 
experienced. 

Mr. Barry agreed that high-casting temperature 
was a contributory factor to additional contrac- 
tion, but the higher casting temperature of basic 
electric steel, as compared with converter metal, 
by no means covered the whole difference. Tt 
did not, seem logical that casting temperature 
should affect the actual freezing temperature of 
the metal, but experience appeared to indicate 
that this was the case. 

Contraction was covered by the difference he- 
tween mould dimensions and the ultimate dimen- 
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sions of the cold casting. Steel, whether cast 
into sand moulds or chill moulds, solidified on a 
' system which might be described as a continuously 
thickening envelope. One must visualise an 
initial solid envelope formed within a very short 
space of time after the metal touched the mould. 
This initial envelope was maintained in tight 
contact with the faces of the mould for a certain 
length of time by the ferro-static pressure 
exerted by the liquid steel within the initial en- 
velope. As the envelope thickened and was able 
to. exert a force greater than the ferrostatic 
pressure of the liquid interior of the casting, the 
component began to contract consonantly ‘with 
decreasing temperature. In the case of both 
hot-cast and cool-cast metal, the initial envelope 
is maintained for a certain length of time in 
contact with the mould, but it is fairly certain 
that the metal which is cool-cast has a greater 
rapidity of thickening of the initial envelope than 
has the hot-cast component. It seems reasonable 
to assume that hot-cast metal will bake the mould 
more extensively than will the cool-cast metal, 
and, therefore, the hot-cast metal should create 
a greater mould-resistance to contraction. He 
was speaking of metal cast into green-sand moulds, 
and he thought the members would agree 
that it was somewhat contradictory that hot-cast 
‘metal, having a tendency to increase the resist- 
ance offered by the mould to contraction, should 
- actually contract to a greater extent than metal | 
which was cast at a lower temperature, and, 
therefore, produced a less degree of mould resist- 
ance to contraction. It might be that he was 
attaching undue importance to the baking effect 
of the metal upon a green-sand mould, but, even 
if the baking effect was non-significant, it must 
be remembered that the additional contraction 
experienced with hot-cast metal indicated that a 
high casting temperature resulted in a higher 
freezing temperature. Such a point appeared 
to be incapable of proof, but general observations 
tended to indicate that the solidification tem- 
perature was definitely affected by casting tem- 
perature. What they were discussing at the 
moment was contraction in the solid condition as 
distinct from the liquid or fluid contraction. The 
point was proved very definitely by one incident 
in his experience. : 
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Contraction in Wheel Castings. 


Two wheels from the same pattern were cast 
from one heat of basic electric steel, one being 
cast whilst the metal was very hot, the other 
being cast from practically the last metal in the 
ladle. The moulds were, as nearly as possible, 
identical in degree of ramming, and they were 
. of practically identical dimensions; yet the hot- 
east metal had a contraction appreciably greater 
than that of the cool-cast wheel. It would, there- 
fore, seem that for practical purposes they must 
assume that a high casting temperature involved 
the raising of the solidification temperature. 


Liquid Contraction. 


As to liquid contraction, he could give some 
definite information obtained by casting ingots 
which were subsequently split and carefully 
measured to determine the volume of fluid con- 
traction cavity. Certain ingots of basic electric 
steel, cast at a temperature which formerly per- 
tained in the works he was visiting, showed a 
liquid contraction of 4.1 per cent. A very hot- 
cast example showed a liquid contraction of 4.5 
per cent.; the cool-cast ingots had a liquid con- 
traction of approximately 3 per cent. These 
ingots were cast at a speed somewhat in excess 
of the casting speed which pertained in most 
British works; therefore the ‘‘ auto-feeding”’ of 
the lower levels of the ingots was not accomplished 
to anything like the normal extent. When con- 
sidering steel castings, however, it should be re- 
membered that the quenching effect of a sand 
mould was very much less than that of an ingot 
mould’ unless the section of metal being cast in 
a sand mould was very thin. It was fairly certain 
that the liquid contraction of basic electric steel 
was appreciably greater than that of converter 
steel of the same chemical composition, as indi- 
cated by a statement of the contents of carbon, 
silicon, manganese, sulphur, and _ phosphorus. 
This necessitated, provided identical methods of 
running were used, the imposition of larger risers 
or’ sink heads on castings produced from basic 
electric steel. 

Mr. T. Maxemson said it occurred to him that 
very high contraction would introduce fresh 
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moulding troubles with steel castings, or compli- 
cate those which existed. Mr. Melmoth himselt 
-had pointed out that the moulders had noticed 
this, and insisted on a larger feeding head than 
was usually necessary. Perhaps Mr. Batty would 
tell them whether this excessive contraction had 
any other noticeable effect upon moulding troubles. 
They knew that in steel castings generally contrac- 
tion did introduce all sorts of complications that 
did not occur in cast iron, and it occurred to him 
that the complications might be intensified by the 
excessive contraction with this particular type of 
electric steel castings. 

He had always been under the impression that 
with the electric furnace one obtained castings 
of the highest quality, but at a corresponding 
price, largely owing to the very high cost of elec- 
tric current. He therefore wished to ask how the 
cost of these castings compared with that of steel 
castings made by the converter process or the 
open-hearth process. He had an impression that 
the cost was higher. At the same time it was a 
practical fact that many firms, including Mr. 
Melmoth’s and Mr. Batty’s, who produced electric 
steel castings, were successfully competing with - 
the producers of other types. 

Actual Contraction Determined. 


Mr. Barty said he had determined what he 
believed to ‘be a true normal contraction of basic 
electric steel for the conditions which pertained 
in the foundry he controlled. Straight bars were 
moulded 12 in. long, 1 in. square, in cross-section, 
At each end of the mould a small metal stop was 
placed—being located contacting with the pattern 
—and the distance between these stops was care- 
fully measured before the mould was closed. The 
resultant bars were measured in the cold condition 
at the points indicated by the metal stops, and 
at their normal casting temperatures they had a 
solid contraction of 2.406 per cent. 

Cost of Electric Steel Castings. 

With regard to cost, it must ‘be admitted that 
the electric furnace product was likely to be more 
expensive, because of the extra precautions which 
had to be taken to ensure mould collapse under 
the stress of the contracting casting. This did 
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not refer necessarily to cores, but to relieving the 
mould. Provision for eliminating almost entirely 
mould resistance might be achieved, in the case of 
many castings, by adjusting the composition of 
the moulding sand when green-sand production 
prevails, but with dry-sand moulds it was fre- 
quently necessary to take extra precautions to 
relieve the moulds. This involved extra expendi- 
ture, which affected the ultimate cost of the cast- 
ing. Then again the provision of larger risers 
increased the proportion of discard and conse- 
quently reduced the proportionate yield of saleable 
castings in relation to weight of metal in ladle. 
He earnestly recommended a study of the methods 
which might be adopted in running castings; as a 
guide-post he would say that it was illogical to 
expect cool metal in a riser efficiently to feed hot 
metal in the body of a casting. Converter metal, 
he believed, was cheaper in the ladle than a high- 
grade basic electric steel ; therefore, with the cost 
imerements indicated, there could be no doubt that 
basic electric steel castings were a more expensive 
proposition. But it must not be forgotten that 
the castings in commerce, produced by the two 
methods under discussion, were by no means 
identical in composition. The basic electric steel 
was much purer, much freer from the deleterious 
constituents, sulphur and phosphorus. He felt 
that he was stating a fact in saying that basic 
electric steel castings were superior to those made 
by the converter process. He had in mind com- 
parative destruction tests made by certain of 
their customers, such tests being amplified by 
observations on the properties of components 
throughout extended service. 

The comparison with the cost of open-hearth 
steel castings could be made in the same way, 
taking the fundamental factor of the cost of metal ~ 
in ladle, plus the cost increments indicated as 
being potentially applicable to electric steels. 

Mr. Melmoth’s Paper indicated, and he was able 
to support the statement, that steel must be care- 
fully made in the basic electric furnace if losses 
from spongy castings were to be avoided. He 
quite agreed that a heat, high in silicon, cast at 
a high temperature, was likely to produce that 
form of unsoundness which was generally known 
as sponginess, 
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Then there was the liability to over-reduced 
steel in the electric furnace. That feature must 
be covered fully in its significance in relation to 
lack of fluidity and to its abnormal contraction, 
in addition to the liability, on certain occasions, to 
sponginess. 


Fluidity. 


Observations on a large number of heats of 
basic electric steel pointed to the conclusion that 


fluidity was related to the presence of a dissolved . 


oxide or sub-oxide of iron in the liquid steel. 
One instance which occurred at Braintree was 
very significant, and pointed definitely to an 
association of dissolved oxide of iron with fluidity. 
A heat of electric furnace metal was tested for 
fluidity by taking a ‘spoon sample from the bath, 
the sample being free from slag on the surface, 
and, counting in seconds, the time taken for the 
metal in the spoon to film over on the surface. 
This spoon time-test, as it was termed, was usually 
a fair indication of the way in which the metal 
would behave. In the specific case he was 
referring to a heat of 50 ewts. of metal, obviously 
very hot, would not give a spoon time-test of more 
than 22 seconds. Slag samples showed white, and 
were evidence of perfect reducing conditions. He 
would go further, and say that a perfectly white 
slag was evidence of over-reducing conditions. To 
this charge of 50 cwts. was added 1 ewt. of rusty 
plate scrap, the plates being approximately 4 in, 
thick. This scrap was rabbled into the bath, being 
very rapidly melted. A spoon sample taken within 
two minutes of adding the rusty scrap to the bath 
gave a time-test of 48 seconds. The ‘ finishings,”’ 
consisting of ferro-silicon and ferro-manganese, 
were added, and a spoon time-test taken four 
minutes thereafter gave a reading of 38 seconds, 
Here they would note the effect of the addition 
of silicon upon the fluidity or fluid life of the 
metal, This 50 cwts. heat was tapped into the 
ladle, 40 ewts. was subsequently distributed to the 
moulds on the casting floor by hand shanks, and 
the remaining half ton of metal was cast direct 
from the ladle into moulds. The whole of the ° 
metal ran cleanly from the ladle, and he was quite 
certain that very little of the heat could have been 
distributed by means of hand shank if it had 
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been tapped before the addition of the oxide of 
iron on the scrap. It must be remembered that 
the addition of cold scrap must reduce materially 
the temperature of the bath, yet the fluidity 
increased enormously. The conclusion that fluidity 
was related to the presence, in an unknown quan- 
tity, of dissolved oxide of iron, had been supported | 
in many subsequent instances, oxide being added 
either in the form of ore or in the form of mill 
scale. The use of rusty scrap applied when the 
bath was obviously very hot as well as sluggish. 


Fluidity and Light Emission. 


The peculiar behaviour of over-reduced electric 
steel in the hand-shank was a very serious thing in 
a foundry producing a large number of small 
castings which might not safely be produced by 
casting direct from the bottom-pour ladle ; and it 
was imperative that the over-reduced condition be 
readily recognised and eliminated before the metal 
was tapped from the furnace. It was very easy 
to obtain, in the basic electric furnace, exces- 
sively strongly reducing conditions which caused 
the phenomenal behaviour of filming over in the 
hand-shank mentioned by Mr. Melmoth in the 
Paper. Some years ago Dr. McCance, in dis- 
cussing the difficulties of bottom-pouring ingots of 
certain steels, especially chromium steels and high 
silicon steels, suggested that these steels gave up 
a great deal of their surface heat as light, and 
hence lost very rapidly their fluidity. It seemed 
to him that the steels of which Dr. McCance was 
speaking were, because of their composition, 
likely to be free from dissolved oxides, and that 
perfect reducing conditions, which were so readily 
obtainable in the electric furnace, served, in a 
mild steel, to eliminate such dissolved oxides as 
were assumed to be a normal constituent of con- 
verter or open-hearth steels. 

Mr. Barry said a steel was considered to be re- 
duced when free oxide of iron, such as would cause 
sponginess, was eliminated. The term *¢ over- 
reduced’? was possibly the shortest definition 
which indicated the elimination of dissolved oxide 
er sub-oxide of iron, which he assumed to be pre- 
sent in mild steels of the plain carbon type pro- 
duced by the converter or open-hearth processes. 
Jn the basic electric furnace reducing conditions 
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were brought about by a combination of ferro 
silicon and powdered anthracite or other carbon 
medium. The general practice, after the oxidis- 
ing slag had been removed, was to add sufficient 
silicon. to deoxidise the bath, and to leave re- 
maining approximately 0.10 per cent. silicon in 
the steel. Additions of carbon were made to the 
slag so that a smaller amount of silicon might 
efficiently deoxidise the steel, the silicon being 
the vehicle of the reaction. Briefly, ‘‘ reduced ” 
referred to a steel from which free oxide of iron 
has been eliminated, and “ over-reduced ”? indi- 
cated a steel from which dissolved oxides, in addi- 
tion to free oxides, have been eliminated. It was 
not claimed that the incidence of dissolved oxides 
was a fact, but it was claimed that a great deal 
of strong evidence could be adduced in support of 
the contention that fluidity in mild steels was re- 
lated to the presence of an undetermined quan- 
tity of dissolved oxide of iron. 

Spongy castings contained blowholes filled with 
gas which had been evolved by the steel. Mr. 
Melmoth had indicated in his Paper that analysis 
would show whether or not the steel was of a com- 
position likely to be uncontaminated by free oxide 
of iron. A steel which contained in the liquid con- 
dition any appreciable amount of free oxide of 
iron was almost certain to produce spongy cast- 
ings, and he suggested that this was due to an 
extraordinary capacity for gas solution by a mild 
steel, at a high temperature, containing appre- 
ciably more than the customary content of silicon. 
It was possible that a mild steel of a high-silicon 
content was, at high temperatures, involved in an 
encyclic reaction productive of free oxide of iron 
but such a theory was difficult of proof; probably 
a careful series of analyses covering the composi- 
tion of the gases in the blowholes might throw 
a good deal more light on the subject. It was 
probable that a very minute quantity of free 
oxide of iron might cause sponginess of a serious 
degree as a result of an initial reaction, prob- 
ably in the range of temperature where the metal 
was just solidifying between oxide of iron and 
carbide of iron. Expressed simply this reaction 
read:—FeO + Fe,C = 4¥e + CO, 
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This initial gas bubble might actually induce 
from solution in the metal a considerable volume 
of gas which would otherwise have been retained 
in solid solution. 


Blows from cores or from corners of a mould 
were due to an entirely different set of circum- 
stances, and should not be confused with any de 
ficiency of the metal such as results in spongy 
castings. Mr. Melmoth made this point perfectly 
plain in his Paper. 

Usually it was a matter of no difficulty to secure 
collaboration between a foundry and the designers 
employed by the foundry’s customers, and his own 
experience was that such collaboration had made 
for him a number of friends. But there had been 
cases where the designer had refused to abate, 
in any particular. whatsoever, his demands upon 
the foundry, with the result that the foundry had 
been involved in serious losses before the weight 
of fact compelled the designer to admit reluc- 
tantly that his proposition was impracticable. 
However, they must thank the designer for keep- 
ing them moving forward; in many cases the 
difficulties propounded by him had brought about 
a higher skill in moulding and the evolution of 
certain foundry expedients which — otherwise 
might have remained undiscovered for a con- 
siderable time. 


In the production of steel castings, chills, 
either external or internal, were used to promote 
uniformity in the temperature gradient of the 
casting. | Another purpose for which they were used 
was to eliminate risers on certain parts of cast- 
ings, such as bosses, the bosses being subsequently 
drilled or bared and the chill totally removed. 
If neither chill nor riser were applied there would 
be a contraction cavity in the boss which would 
create considerable difficulty in drilling the 
requisite hole, Of course certain internal chills 
were never removed by any subsequent machining” 
operation on the casting, their function being to 
produce a uniformity of temperature in the 
casting and to maintain as nearly as practicable 
a uniformity in the temperature gradient of the 
casting, so as to avoid any undue stressing of the 
somponent, 
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' Shape of Risers. 
The shape of risers depended somewhat upon 
the method of running. One must never lose 
sight of the fact that steel freezes as a con- 


tinuously thickening envelope, therefore risers’ 


_ should not be ‘‘ necked.’’? Otherwise there was a 
danger of feeding the neck sound but leaving the 
casting below the neck unsound. 


The art of steel-making consisted very largely 
of a knowledge of a number of small details, and 
although one detail, by itself, might not appear 
to have great significance, its inter-relationship 
with other details demanded most careful scrutiny. 


He regretted that he was not able to deal with 


the more abstruse scientific considerations in. _ 


volved so fully as Mr. Melmoth would have done. 
Some of the theories he had put forward might 
sound somewhat extravagant, but the application 
of them had led to definite valuable commercial 
results. Those responsible for the production of 
wealth in commerce might be content with an in- 
complete theory or definition, provided they were 
able to focus facts to the extent of securing re- 
ductions in costs of production. If they func- 
tioned as producers or conservors of wealth they 
must be content to be known by their works 
rather than by their words. 


Super-Reduced Steels Loose Fluidity. 


Mr. G. C. Grant stated that rustless steel cast- 
ings were being successfully produced in Man- 
chester, and it was found that the successful 
casting of this material was dependent upon the 
heat of the metal in the ladle and the method of 
running. 


He substantiated Mr. Batty’s remarks regarding » 


the elements silicon, manganese and chromium in 
mild steel, and stated that a small percentage of 
titanium had a similar effect of turning what 
was obviously a hot heat and which normally 
would have run through a 3-in. nozzle without 
difficulty, into a condition in which it was only 
got out of the ladle with difficulty. Although he 
was unable to ascribe the reason, the fact 
remained that super-reduced steels were less 


fluid. 
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Mr. Barry replied that he quite agreed that 
titanium, in common with certain other elements, 


was competent to eliminate dissolved oxide of | 


iron and would therefore be likely to produce the 
sluggish over-reduced condition. 


| Vote of Thanks. 


Me. J. 8S. G. Prowrosz said it gave him great 
pleasure to move a vote of thanks to Mr. Melmoth 
and Mr. Batty for having put before the members 
an admirable Paper which covered a great deal of 
ground, the value of which they would be able 
to appreciate when they were able to study it in 
printed form. It was an interesting historical 
fact which not many people knew, that Messrs. 
Laske and Elliott of Braintree was the ‘first firm 
in this country at whose works the electric fur- 
nace was used commercially for producing steel, 
Sheffield might have a claim to priority in respect 
to experimental work in that direction, but actual 
commercial production began at Braintree. There 
also the first electric non-ferrous metal furnace 
was started. 

He would like Mr. Batty to give them a more 
precise explanation of what was meant by ‘‘ over- 
reduced’ steel. 

Mr. S. G. Smrrxn, in seconding the vote of 
thanks, said the troubles of the steel founder 
appeared to be very much akin to those 
experienced in the iron foundry, but probably in 
some phases they were intensified, due to the 
increase in liquid and solid contraction. He was 
in full agreement with Mr. Melmoth’s suggestion 
that the designer of steel castings should serve a 
term in the steel foundry. It applied equally to 
the iron foundry, and he had advocated it for 
many years. 

Mr. Melmoth did not appear to be entirely in 
favour of using chills, applied internally or 
externally, because troubles might arise from 
them, That was the impression made on his mind 


after listening to the Paper. What method could | 


be substituted where it was desired to equalise 
solidifying conditions? It was assumed, of course, 
that the design of the pattern could not be 
altered. 
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-Mr. Batty had stated that the utmost import- 
ance should be attached to the locality, of the 
risers. This, again, applied equally to the iron 
foundry. Wherever it was possible the runners 
should be located at the’ parts that would cool 
first, thereby making the cooling of the casting 
more uniform and avoiding irregularities in 
shrinkage, both liquid and solid. To put the 
runners in the thick section of the casting was a 
mistake often made in the iron foundry. 
The vote of thanks was passed unanimously. 
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Lancashire Branch 
(BURNLEY SECTION). 


——e 


OIL-SAND CORES AND PRODUCTION. 


By W. West, Member. 


The application of oil sand as a means to 
foundry production has been by this time defi- 
nitely confirmed in everyday practice. The ease 
with which the sand mixtures can be made, and 
the subsequent baking, are factors admirably 
suited to foundry work in general, and of which 
no foundryman need have any doubts as to suc- 
cess. It is, however, of the utmost importance 
among the practical details of oil-sand prepara- 
tion that a suitable mixing vessel be used, to 
ensure an even distribution of the oil over the 
sand grains. The ordinary paddle mixer to be 
had on the market to-day is well adapted for the 
mixing process, but in some cases where the addi- 
tion of certain gums are made, which are neces- 
sary for intricate and overhanging types of cores, 
the maximum amount of green bond will be 
obtained by passing the mixture through mullers 
of medium weight. It is generally recognised 
that ordinary shore sand is of excellent quality to 
meet the necessary requirements, the grain size 
being of a finer mesh than that of a river sand, 
a better finish is obtained on the surface of the 
casting, at, incidentally, a very much lower cost. 
Little or no serious disadvantage is experienced 
from the presence of salt, nor yet from the small 
pieces of sea shell that are distributed among the 
mass, Where cores’ are required to take posi- 
tions in which they are more or less surrounded 
by liquid metal, it is advisable to make small 
additions of an open-grained sand to ensure 
permeability. 

Much discussion has arisen from time to time 
concerning the condition of the sand, whether 
such should he dry or damp. The answer depends 
very much upon the facilities to hand, the layout 
of the plant, and the object to Which efforts are 
being made. If the work to be executed is BO 
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of a repetition character and of only limited 
uantity, when the laying down of the mecessary 
ae plant would not be warranted, then the 
use of damp sand is not of any great moment, 
but may, if wisely handled, prove to be a factor 
of economy and a means of making the core more 
permeable to gas, through the evaporation of the 
water vapour, 

Production of repetition castings, however, calls 
for dried sand, the degree of dampness is an 
indefinite and variable factor which tends to 
cause irregularities in the resultant cores. In 
addition to this, the accompanying prolongation 
of the drying time, owing to, the amount of water 
present is a definite impediment to output, the 
loss of which may possibly amount in actual cost 
to more than that entailed by the initial drying. 


_ Essential Properties. 


Most of the required ‘properties of an oil-sand 
mixture are well defined, and successful, results 
from the use of it depends upon the character of 
the individual items constituting the mixture. 
Perhaps the most important of these items is the 
type of core oil used, for success or failure is 
chiefly governed by its character and behaviour. 
The oil should possess a composition calculated to 
give the maximum of bonding power between the 
grains of sand; after drying the film thus formed 
should be capable of resisting the effects of mois- 
ture, when the core is allowed to stand in the 
open during a protracted period. One other 
salient property required is the rapid disintegra- 
tion of the core after solidification of the metal, to 
allow the casting the greatest freedom in contrac- 
tion, while from a production point of view, the 
shorter the time necessary for drying, the more 
suitable will be the core mixture. No part of the 
making of oil-sand cores is more important than, 
after selection of the oil, to give the mixture 2 
suitable heat treatment, for upon this depends 
the correct functioning of the various constituents. 

It is proposed, therefore, to deal more speci- 
fically than usual with the character of the core oil 
and its subsequent drying in order further to ex- 
plain some of ‘the basic principles which are 
involved in the process, 
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The choice of an oil is generally decided upon 
by the evidence of its physical properties, for it is 
of first importance that it should be of such a 
fluid character that a perfect covering of the sand. 
grains is obtained with the minimum mixing. 
Apart from this factor, the remaining properties 
of a sand mixture are bound up with the chemical 
composition of its constituents, and, from a study 
of the many types of oils and their respective com- 
positions, it is evident that every oil is not suitable 
nor capable of producing oil-sand for foundry use. 


Classification of Core Oils. 


Broadly speaking, the better-known oils, and, 
those whose prices bring them within the scope of 
foundry interest, can be divided into three distinct 
groups according to their respective source of 
supply: —(1) Animal oils; (2) mineral oils; and 
(3) vegetable oils. 

Animal Oils are well represented by such ex- 
amples as whale oil, cod-liver, and sperm oil, eto. 
They are of interest only, for while they have 
the necessary qualifications for core making, the 
offensive smell of the fumes emitted during the 
drying process make their use distinctly objec- 
tionable. 

Mineral Oils are found free in nature as petro- 
leum or distilled commercially from oil shale. 
Certain members of this group have very low flash 
points, and are exemplified by petro] and benzo- 
line, while others with higher flash points are 
paraffin, lubricating and machine oils. These are 
useless as binders because of the form of their 
constitutions, which have no power to dry under 
the effect of time or temperature, 

Vegetable Oils, however, are of the utmost im- 
portance, for they include many of those oils which 
are of the greatest service to foundry practice. 
The members of this group are composed of tri- 
glycerides of unsaturated organic acids, and it is 
upon the saturation of these by the absorption of 
oxygen of the air that they possess the peculiar 
property of drying under the influence of tem- 
perature and time. The group is generally divided 
further in three classes, according to their drying 
power, when left exposed to the air in thin films 


at ordinary temperature:—(1) Drying oils, 1.¢., 
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linseed, hempseed, and poppyseed oils; (2) semi- 
drying oils, 2.e., cottonseed, soya bean oils, etc, ; 
and (3) non-drying oils, 7.e., rape, castor, and olive 
oils. Thus a non-drying oil like rape oil will 
remain fluid under atmospheric conditions for an 
indefinite period ; linseed oil, belonging to the dry- 
ing class, will set to a tough elastic film within - 
a few days; while semi-drying oils like cotton- 
seed are between the two classes. 

This distinction in drying properties, there is 
reason to believe, -is entirely one of degree, for 
Livache (Compt. Rend. 1895) points out that all 


fixed oils, vegetable or animal, are capable of 
setting to an elastic filament, similar to those 
yielded by the drying oils, if left sufficiently long 
at higher temperatures than atmospheric. 

It will be evident, therefore, that a core oil may 
consist of one particular oil, or perhaps several, 
which may or may not be entirely végetable, but, 
if so, may originate from different classes of the 
same group. It is of distinct advantage when 
production is one of the main features that the 
oil or oils in use should be entirely of the drying 
class of vegetable oils, which will produce, other 
things being equal, the maximum number of cores 
in the minimum time, 


The Properties and Character of Linseed Oil. 


When exposed to the air linseed oil gradually 
absorbs oxygen from the air, and assumes finally 
a dry or gelatinous mass known at linoxyn; the 
réaction is accelerated under increase of tempera- 
ture within defined limits. It is on account of 
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this peculiarity that it exhibits the binding 
together of sand grains in an oil-sand core during 
drying. It is therefore important to notice that 
the drying property of an oil is clearly indicated 
by its power to absorp oxygen; so that if it were 
possible to determine the amount of oxygen which 
any oil was capable of absorbing in a given time, 
we should be able to enumerate the various kinds 


Fig. 2.—Cors Srove anp Rack. 


according to their respective drying powers, <A 
direct method for this measurement is not yet 
possible, but valuable assistance is rendered by 
the fact that the unsaturated acids in the 
vegetable oils which take up oxygen, also absorb 
iodine to a similar degree in the presence of a 
third substance like carbon tetrachloride, so that 
an estimation of the iodine absorbed by any oi! 
is an indication of its drying power. To this end 
the amount of iodine absorbed by a definite weight 
of oil, fixed at 100 grammes, is expressed as the 
iodine value. 


Of these more common vegetable oils the first 
four exhibit marked drying properties; the next 
four are semi-dryers; while the remaining three 
are of the non-drying type. In each case there is 
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a definite decrease in the iodine value as we pass 
from the drying to the non-drying oils. 

It was Hazima (Zeitsch Angen, 1888). who 
first pointed out that the iodine value of an oil 
rises with its drying power. 

Taste I.—lodine Values of Various Oils. 


Todine | ~~ Jodine 

Value. Value. 

Linseed oil .. 185 Sunflower oil )..... 125 
Chinese tung oil 171 Maize oil . So 20 
Hempseed oil ... 153 Cotton seed oil ... 105 
Poppyseed oi] ... 186) Olive oil ... Sats as OD 
(Slide No. 1) Rape oil ... Moe. SOO 
Soya bean oil .... 125 Castor oil se OO 


It would appear, therefore, that the use of an 
oil having a high todine value in the untreated 
sample will give the quickest drying results. It 
Ig significant. from the position which linseed oil | 
eccupies in the foregoing list, that its great popu 
larity as a core oil and a core oil base is not by. 
any means misplaced, 

Changes During Drying. 

Additional reactions take place during the pro- 
cess of drying, and it becomes necessary to have 
an understanding of these. 

Krumbaar (Chem, Zeit, 1916, 40, 937) has shown 
in his results of experiments that when linseed oil 
is heated to definite temperatures in an atmosphere 


of carbon dioxide the figures shown in Table It 
were obtained, 


TasBLEe Il.—Krumbaar's Hxuperiments on Linseed Oil. 


Teniper- Duration. 
ature of heating Relative Todine 
in deg. C. in hours. viscosity. value. 
Std. 1.00 Std. 175.0 
200 \ 20 1.13 168.7 
200 40 1.35 160.1 ' 
260 15 2.35 145.6 
260 30 7.96 | 108.0 
300 10 115.0 120.4 
300 20 not flow 76.3 


The direct fall in the iodine value suggests that 
some action takes place in which oxidation has io 
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part, but as the temperature increases with a 
prolongation of time the oil thickens up to the 
degree that it will not run, as ee by the 
relative viscosity. 

Fahrion (Zeitsch Angen Chem. 1892.5 .17) sug- 
gests that this action was one of polymerisation, 
that is, inter-molecular changes ‘take place 
whereby the number of atoms in the molecule of 
the oil increases to some multiple of their original 
number, 

In this direction the experiments of Dr. J. N. 
Friend (S. 0. & C. Chemists, Vol. 7, No. 49), 
in which the author had the privilege of assisting, 
are of great interest, showing as they do that poly- 
merisation of linseed oil is at first quite definitely 
marked at 250 deg. C. 


Tare IIl.—Heat Treatment of Baltic Oil Four Years Old. 


Dura- Rela- 
Temip. | tion of | Density } Iodine | tive. Mol. 
in deg. C.| heating | at 20°C. | value. | viscos- | weight. 


in hours. ity. 
Original | saniple | 943.9 167 100 829 
50 100 943.8 164 86.6 833. 
50 250 945.5 166 122.8); 833 
80 100 944.5 161 128 868 
134 50 949.6 157 156 | 875 
218 50 946.9 153 190 950 
250 25 951.4 120 1,050 1,174 


In these experiments the pure raw linseed oil 
was heated in glass vessels at temperatures rang- 
ing from 50 to 250 deg. C. To maintain the tem- 
peratures below 100 deg. C. the vessels were 
immersed in a water thermostat, maintained at 
a constant temperature. For higher tempera- 
tures the apparatus as shown in Fig. 1 was 
designed, and proved entirely successful. The 
whole apparatus is made of glass, the oil being 
placed in A and an air condenser fixed directly 
on to B, whilst D is a ground-glass joint to avoid 
trouble with cocks and rubber connections. Heat 
was applied through the medium of a sand bath 
over a Bunsen burner. To exclude the possibility 
of oxidation, the vessels were filled with nitrogen 
by drawing air first through flasks containing 
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alkaline pyrogallol, which. liquid absorbs the 


oxygen, allowing the nitrogen to pass through. 


Table II] gives a few of those obtained from the | 


experiments. | : 

Any attempt at a detailed discussion of these 
results would be entirely outside the scope of this 
Paper, but it is distinctly interesting, from a 
practical point of view, to notice that a definite 
change in all the factors begins at 250 deg. C., 
‘and this point therefore provides a definite index 

as to the changes during the drying process. 

To recapitulate, it has been found that the 
‘bond of an oil-sand core is a tough elastic com- 
pound formed by the oxidation of certain 
unsaturated acids which compose the constitution 


of the oil, together with its subsequent poly-_ 


‘merisation under the influence of temperature and 
time. A measure of the presence of these con: 
stituents which are responsible for the formation 
of the film bond can be obtained from the respec- 
- tive iodine value of the oil. The present degree 
of published knowledge points to the high value 
of linseed oil as a binder, from the point of its 
drying properties; also from the high value of 
the film bond which it produces. | 

It has been indicated from results of experi- 
ments given that a temperature of 250 deg. C. 
brings about changes in the core oven which must 
have some bearing upon the ultimate result. In 
practice this has been amply confirmed by the 
writer, for with one of the drying of the vegetable 
class, 2.e., linseed oil, successful results are being 
how obtained quicker and better, the ovens being 
kept at a temperature not below 250 deg. C. and 
not exceeding 300 deg. C. 

These temperatures are~in accord with many 
figures which have been published as indicating 
general practice, and it would therefore appear 
to be confirmed that polymerisation which takes 
place at this temperature has a definite bearing 
upon the subsequent results. 


Drying Process. 


On the subject of drying or baking of oil sand 
the variety of arrangements for handling and the 


types of ovens in use are innumerable, both | 


factors being determined by the nature of the 
work in hand principally and the circumstances 
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under which this is executed. From a production — 


point of view, however, it becomes necessary that 
the amount of handling should be reduced to a 
minimum, the type of furnace be such that an 
even temperature can be steadily maintained, and 
that access in and out the oven should be of the 
simplest character. Fig. 2 shows a battery of 
ovens having these conditions in a foundry produc- 
ing repetition work on medium production. The 
battery as shown is heated directly from a coke 


Fig. 8.—Compnerzs Movutp For a TROJAN 
CYLINDER. 


fire, the products of combustion being boosted 
from the firebox to the furthest extremity of the 
ovens by a well-regulated air supply proceeding 
from a 2 h.p. electrically-driven fan. The ovens 
themselves are separate and independent, the 
closing of two small dampers being sufficient to, 
isolate any oven individually from the live flue 
which connects directly to the fire grate. 

The opening of the flues allow the hot gases to 
rise and pass through the entire breadth and 
length of the oven, and out again into the outlet 
flue which is common to all, but from which each 
can be individually isolated. The charges of oil- 
sand cores are carried on special racks made 
suitable to accommodate the various sizes of plates 
upon which the cores rest and the differing 
heights of the cores themselves. These racks are 
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of the utmost convenience, insomuch that the 


are of light construction, easy to handle and, 


like the ovens, are strong and durable. The 
system of working is to have one of these steel 
racks within turning reach of two or three core- 
makers, according to the class of work, so that 
as each core is made and turned out on to a 
suitable metal plate which is at once and without 
double handling placed in the precise position for 
drying. From a production point of view this is 
ideal, and definitely means a saving of labour, 
greater satisFaction to. the core-makers, for their 
will-to-work is thereby greatly increased by an 
apparently small convenience. 

Two of these racks are required to make a 
charge for any one oven, so that when this number 
are fitted with cores, a small portable transveyor 
is wheeled into position, and by the action of a 
few pumps of the handle the rack is lifted from 
the ground and run into position in the oven. 


To lower the rack it is merely necessary to press 


a release lever with the foot, the oil passes from 
the pump cylinder and the descent is accom- 
plishied. 

Each rack will accommodate approximately 
25 cwts. of sand cores, and with a good regular 
temperature of 260 to 280 deg. ©. the two racks 
are.ready to withdraw in 1; hours from the time 
of insertion. 


Methods of Application for Production. 


When the extreme conditions are visualised 
under which castings, ferrous and non-ferrous, are 
produced, together with the innumerable number 
of shapes and sizes, it seemingly becomes impossible 
to deal with the subject of oil sand and its appli- 
cation to these manifold practices. The range of 
application, however, cannot be limited, for as it 
is of universal service to the foundryman, each in 
his sphere of activity, so will methods be devised 
differing according to the ideas and initiative of 
the individual, and the character of the work to 
be undertaken. It will, therefore, occur to the 
thinking mind that any attempt to outline indi- 
vidual shop practice, as in the following illustra- 
tions, is merely an additional expression of opinion. 

Production, therefore, can be equally acceler- 
ated by methods of application, as well as the use 
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of oil sand, and in Fig. 3 is illustrated one method 
of making a motor cylinder jacket core. For this 
it is necessary to have a core mixture having suffi- 
cient strength in the green condition to maintain 
the required shape unassisted, and further, being 
entirely surrounded by molten metal during the 
process of casting, it is necessary that it should 
possess the maximum degree of permeability con- 
sistent with the required bond. The cores are pro- 
duced by one man at the rate of 18 per-day. To 


Fig. 9.—Trosan Cytinper Movunp AND JIGS 
FOR CHECKING DIMENSIONS. 


the cast-iron pillar of the machine the entire core 
box is pivoted, and is free to revolve a complete 
circle if required. The centre carries two stout 
rods upon which slide the top and bottom tables, 
both of which are operated by the movement of the 
four-handed lever on the pivot centre, and become 
automatically locked in the open or closed posi- 
tion. Fig. 8 shows the machine in the normal 
position stripped of its loose pieces to show the 
metal cylinders which form the barrel cores. 

Fig. 4 is the completed core box ready to receive 
the oil-sand mixture; the outer shell is easily re- 
moved by an outward movement after releasing 
the clamp. After placing four small wooden plugs 
into the tops of the small barrels, the oil-sand mix- 
ture is rammed into the box to the half-way line, 
when four curved + in, dia. wires are placed 


around the centre-piece to strengthen and take 
the weight of the jacket walls. Ramming is then 
continued until the top of the bore-formers is 
reached, when the wooden plugs are withdrawn 
and metal plugs substituted, so that their flat sides 


are coincident, Two additional iron loose-pieces | 


are now put into: position to form the core print 
necessary for fixing in the mould. The ramming 


Fie. 10.—Maxkine An Ori Pump IN Stack Corks. 


is afterwards completed and four small vents in- 
serted in the barrels. 

Fig. 5 illustrates the completed operation of 
covering the core box with the necessary turning- 
out plate, and the arms swung into position pre- 
paratory to inversion. By means of four thumb 
‘screws the box and plate are securely clamped, 
and at the same time a perfect level is made to 
ensure a good draw. 

The entire core box is now inverted on the un- 
locked pivot, and requires steady handling to 
balance around the dead centre. Fig. 6 shows this 
operation accomplished—and the new position is 
securely held by the automatic locking device, 
This latter arrangement consists briefly of a centre 
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plate which carries the ends of two levers, the 
further extremities are attached to the top and 
bottom tables respectively, the shape of the levers 
being curved in such a manner at the point of 
attachment to the centre plate, that they pass 
over the dead centre. Fig. 7 shows the core strip- 
ped ready for removal. It will be noticed at this 
stage that the two cast-iron pieces remain at the 


‘Fie. 11.—Same as Fie. 10. 


base of the core; these are not removed, nor yet 
the metal plugs, which were inserted to form the 
top portions of the barrels in the position as 
shown, but are left throughout the drying period. 

Fig. 8 illustrates the assembling of the complete 
Trojan cylinder with the jacket core in position, 
all the cores being made from various mixtures of 
oil sand according to their respective positions and 
functions. Each core, as it is fixed in position, is 
checked for dimensional correctness by the metal 
jigs shown in Fig. 9. 

Stack Cores. 


The question of production ,of small castings 
ealls for special initiative from the foundryman, 
more especially when such depart from the plain, 
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cubic or rectangular design, having undercut or 
hollow portions wherein hang various shapes of 
additional projections. The diminutive sizes add 
to the complication of the difficulties, for such 
types of castings under immediate discussion do 
not lend themselves to the suggested moulding 
machine. To make this possible, however, it would 


Fie. 12.—SameE as Fie. 10. 


be necessary to block out the pattern extensively, 
and production to any extent worthy of the name 
could only be obtained by the use of several such 
patterns on the one plate. It is at this juncture 
that oil sand stack cores come as of very practical 
assistance to the foundryman. 

Figs, 10, 11 and 12 show the method of making 
an oi] pump consisting of three different parts. 
The entire cores are made in oil sand, each section 
of the stack when placed one upon another pro- 
vides a complete mould with one common runner 
communicating by small sprues to two castings 
in each section, thus from only one stack twelve 
castings are obtained. 
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Ifa closer examination is made the open views | 
will show that the middle and bottom portions of 
the pump are far from being simple castings, and, 
from the machine shop point of view, the few 
thousandths allowance for surface grinding is 
the only error allowance, Production when work- 
ing on this principle is well maintained, for one 
core-maker alone is allowed for one stack of 
twelve castings a matter of two hours for the 
making and fitting together ready for casting, 
and is well able to produce his piece-work earnings, 

Such examples as those which have been given 
do not by any means exhaust the potentialities of 
oil sand, and whether individual interests are ; 
centred upon large or small, steel, iron or brass 


_ castings, its unfailing qualities are found to be 


precisely the same. 

It is by means of its application to the making 
of larger castings that the all-round advantages 
are obtained. The top half section of a turbine 
casing while not of great dimensions serves ag an 
excellent illustration of the application of the 
“blocking out” system, which entirely super- 
sedes the older method of ‘‘ draw-backs’’ when 
such castings are made on a production basis. 
The under-cut portion of the casting when 
“blocked out ’’ entails extra pattern making in 
terms of an additional core box. This is, how- 
ever, well compensated alone by the amount of 
hand-moulding time which can be saved, irrespec- 
tive of the possibility, that is distinctly evident, 
of jolting up the mould to the upper ring on a 
moulding machine. 


DISCUSSION. 


Mr. Guover asked for a rough idea of the rela- 
tive costs of ordinary naturally bonded cores and 
oil-sand cores, Mr. Wust, in reply, stated that in 
comparing any costs the decision depended not 
merely upon the initial price but rather the ulti- ° 
mate results one had in view.” The higher pri- 
mary cost of oil sand had compensations in the 
way of quicker production, handling conveniences, 
reduction on fettling costs, and considerably better 
finish internally of the castings. These advan- 
tages were not so marked when using ordinary 
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sand. As to actual data he had not any at hand 


which he could give with accuracy, but felt sure 


- from his own experience that oil-sand cores could | 
- be made to do all that was required of them as 


cheaply, if not cheaper than, other mixtures. 
Mr. Howarrn asked if Mr, West had found 

that oil-sand cores sometimes gave way and sagged 

in the mould, even when chaplets were used, for 


‘2 in. metal sometimes came out 7 in, metal in 


the top portion. He referred to a straight pipe 
casting 7 ft. in length and flanged at either end. 

Mr. Wesr replied that cases had occurred, but 
he found that it was not due to sagging, for the 
uso of chaplets in the bottom prevented that. The 
real reason was, that when the pipe. core was 
made in halves, as described, a certain amount of 
subsidence took place during the drying in the 
oven, so that after pasting the two halves together 
the core would have been found eccentric had it 
been jigged. It became necessary, therefore, in 
general practice to allow 4 in. per foot for subsi- 
dence in the core-box. 

Mr. ‘Vernon inquired as to the compositions of 
the various core-oils which were offered to 
foundrymen. 

Mr. Wesvr said that it was not possible on such 
an occasion to consider ‘any proprietary mixture, 
but when once the basic principles of oil-sand 
mixing is assimilated, then any foundryman would 
be in a position to select the mixture best suited 
for his particular needs. It was always worth re- 
membering that a straight oil, like linseed oil, 


has been well tried, and has been proved to be. 


definitely reliable. Emulsions and creams invari- 
ably carried a large proportion of water in their 
compositions. 

Mr. Meapoworort, after complimenting the lec- 
turer, said he was particularly interested in the 
drying question. There had been distinct ad- 
vances in the method of drying cores, but he 


always found that very good results were obtained | 


by passing 20,000 cub, ft. of air through the ovens 


per hour to get the fine nut brown colour, and 


maintaining the temperature about 250 deg. C. 
This was not obtained if the temperature was too 
low. The necessary amount of oxygen was an im- 
portant factor. He had found that the presence 
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of salt was no detriment to making of oil-sand 
cores—it helped to bind the sand grains. He did 
not hesitate to say that the base of all oil-sand 
cores should be linseed oil. 

Mr, Pewx asked if Mr. West had found difficulty 
in handling cores in the green state, which were 
made with an oil bond. 

Mr. West, in reply, pointed out that the addi-— 
tion of gums, resins, molasses in certain propor- 
tions to the mixture gaye a good green bond, suffi- 
cient to enable the cores to be carried about with- 
out any difficulty. 


Vote of Thanks. 


Mr. Joun Jackson, in proposing a_ vote of 
thanks to Mr. West, said he was most interested 
in the subject, because he had been through the 
Leyland Works and had seen the system of making 
cores there. The production of cores as outlined 
in the lecture was, he believed, only in its infancy, 
and he hoped that in the course of time it would 
develop extensively. Mr. Vernon seconded, and 
the lecturer having acknowledged, the meeting 
then closed. 
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THE PRINCIPLES OF CENTRIFUGAL CASTINGS AS 
APPLIED TO THE MANUFACTURE OF “SPUN 
IRON PIPES. 


By E. J. Fox and P. H. Wilson, respectively Managing 
Director and Foundry Manager of the Stanton Ironworks. 

There are at present six plants in the world 
operating M. de Lavaud’s patents (under. licence 
from the International de Lavaud Corporation, 


Fie. 1.—Raw Marertat BunKcers. 


Limited), namely :—In Canada—The National Iron 
Corporation, Limited, Toronto; in the United 
States—the United States Cast-Iron Pipe & 
Foundry Company, Birmingham, Ala., and the 
National Cast-Iron Pipe Company, Birmingham, 
Ala. (sub-licensees of the United States Cast- Tron 
Pipe & Foundry Company); in  Japan—Messrs. 
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Tsuda & Company, Osaka; in Belgium—Com- 
pagnie Générale des Conduites d’Hau, Liege, and, 
of course, the plant at Stanton, which may: be 
claimed to be the most modern and largest plant 
in existence for the production of ‘‘ Spun” iron 
pipes. 

It is proposed to consider the principles 
governing. the De lLavaud process as manu- 


Fra. 2.—TRAVELLING CARRIAGE FOR HANDLING 
STooK. 


factured at Stanton, also the finished product, 
“the Spun iron pipe,’’ and the tests to which 
it has been subjected, also how it acquits itself 
under these tests. Before doing so, a brief descrip- 
tion of the plant will be given. 

“The raw materials, pig-iron, scrap, coke and 
limestone are discharged from wagons on an 
elevated railway into bunkers. | These bunkers 
(Fig. 1), twenty in number, are constructed of 
ferro-concrete with steel linings, and each has a 
capacity of 15 tons of coke, 40 tons of coal, 100 
tons of pig-iron or 80 tons of limestone. All raw 
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materials are-systematically analysed in the Com- 
pany’s laboratories before being discharged into 
‘the bunkers, the various grades of pig-iron being 
placed in respective bunkers.according to the 
silicon content. 
Travelling beneath the bunkers are electrically 
operated two-ton travelling carriages (Fig: 2), 


upon which is fitted a weighing machine. Skips 


Fic. 2a4.—Rear Virw oF THE TRAVELLING 
CARRIAGE, 


are run on to these carriages, and can be put into 
position under any particular bunker. Special 
discharge apparatus at the bottom of the bunker 
enables the operator to control the withdrawal of 
the material from the bunker. 

The skip is then withdrawn from the bunker 
carriage by an electric haulage gear, and coupled 
to the charging hoists, as is illustrated in Fig, 3. 

These hoists are hydraulically operated, the arm 
upon which the skip is suspended is raised to the 
top of the cupola. The opposite end of this arm 


is guided by means of rollers running on rails. 
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These rails are so shaped that the skip is taken 
into the top of the cupola, when the contents are 
discharged automatically by bottom doors. | ‘The 
empty skip is then lowered to the. carriage and 
returned to the bunkers. The cupolas (lig. 4) 
are of modern design: with drop bottoms, and have 
a melting capacity of 10 to 15 tons per hour. Blast 
is supplied by fans having a capacity of 8,000 


Fic. 3.—Cuarcine Horst, 


cub, ft. of air per minute at a pressure of 16 to 
30 in. water gauge. The molten metal is tapped 
into three-ton casting ladles (Fig. 5), which are 
conveyed to the casting shop by means of. a five- 
ton electric crane running on a telpher runway. 

The casting machine used and the processes 
followed haye previously been described and illus- 
trated.* 

The output per man per- shift is eight times 
greater by the “ Spun”? process; at the same time 
‘improving considerably the conditions under which 


* FOUNDRX TRADE JOURNAL, August 14, 1924. 
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the worker can operate. Fig. 6 illustrates the con- 
ditions which exist in a vertical sand cast pipe 
pit. Further, on, account of the increased strength 
of the ‘‘ Spun” metal, which will be shown later, 
it is possible to effect a saving of 25 per cent, in 
the weight of the pipe, in consequence of the metal 
in the “Spun” pipe being not less than 70 per 
cent. stronger than that in the standard sand cast 


pipe. 


Fig. 4.—TxHr Curora Pranr. 


Vig. 7, et seq., show the difference in tlie frac- 
ture or “Spun’’ iron and sand cast pipes, also 
the micro-structure of similar metal in the two 
pipes at the same magnification. 


Speed of Rotation of Mould. 

The speed of rotation of the mould is an impor- 
tant factor in the satisfactory production of cen- 
trifugal castings. This speed les between a mini- 
mum, below which the metal fails to hold up 
against the mould face; and a maximum which is 
determined by the speed capabilities of the casting 
machine. The optimum speed is known for each 
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size of pipe cast, and has been found by numerous 
tests carried out on pipes cast at varying speeds. 

Having determined the correct centrifugal force 
necessary to give the best results on any particular 
sized pipe, it was found that, the ideal speed could 
be calculated for any size of pipe, the radius of 
gyration being taken at the mean diameter. It 
follows from this that, the thickness of the pipe 


Fie, 5:.—Casting Lapis ror’ Hanpiine THE 
Tron. 


must be taken into consideration in arriving at 
the speed of rotation for pipes of various 
diameters. ‘The rate of flow of the metal and the 
traverse of the mould relative to the spout 
(referred to later) have a distinct bearing on the 
peripheral speed of the mould. 

That an ideal speed should exist has been clearly 
confirmed by Pardun,* who states :— 

‘Whereas up to the critical speed the centri- 
fugal force is sufficient in order evenly to spread 
the band of liquid, when the critical speed is 
exceeded the iron begins to ‘lead’ in the mould, 


* Pardun ; Stahl und Wisen. Vol. 44, No 25, Translated in 
FouNnDRY TRADE JOURNAL, Oct, 2, 1924. 


Ris, ILO 
thus causing the spirals to disappear or partially 
to overlap. The advancing liquid band becomes , 
thinner in proportion to the amount of ‘ lead,’ 
and hardens prematurely before the main jet 
travels over it. There is, therefore, a kind of 
welding effect produced. \ 

“ The phenomenon of ‘lead’ is caused by. the 
fact that centrifugal force acts in two ways, 
namely, axially and radially. In projecting 
liquids the axial pressure becomes a result of the 
radial pressure, the particles most remote from 


Ire. 6.—Sanp Cast Prer Pr. 
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the point of rotation having a tendency to escape 


to zones of lower pressure exerted by adjacent 
particles. That is, these particles reach places 
where there are no. particles already. With 
increasing speed of rotation and consequent 
increasing pressure this tendency to ‘ lead’? must 
increase,”’ 


Rate of Flow of Metal. 

The. process itself consists of the deposition of 
a continuous. spiral of metal inside a rotating 
cylindrical mould. It is thus clear that to pro- 
duce castings of uniform section the metal must 
flow at a constant rate (Fig.10). This . is 
achieved in practice by the simple yet ingenious 
desigen of the tilting ladle, which delivers metal 
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at a uniform rate throughout the casting opera- 
tion. Another important factor involved in the 
introduction of metal into the mould is the rate 
of delivery from the pouring spout, and the angle 
at which this delivery takes place. eae 
From experiments made in the early stages, the 
ideal rate of flow was ascertained, giving sufficient 
velocity to ‘the molten metal to ensure a smooth 


Fic. Ga.—Crntrirugan Castinac MAcHINE. 


deposition in the mould, and a minimum loss in 
temperature in the pouring spout, which is 
approximately 14 ft. long. 

In order to maintain a regular rate of flow, the 
machine is so designed that the metal passes over 
a lip or weir giving it the necessary constant 
impetus. The ideal direction of flow of the metal 
leaving the spout would be if the tangent to the 
mould at the point where the metal touches it for 
the first time coincided with the tangent to the 
parabolic curye described by the metal. This is, 
however, in practice impossible, but the spout 
end has been so designed, and is placed in the 
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mould in such a position as to make the angle 
between the two tangents very small. 


Rate of Traverse. 


From the foregoing remarks. in respect to rate 
of flow it becomes obvious that the speed of 
traverse must be closely correlated with the rate 
of. flow. Thus, the speed of traverse must be a 
constant throughout the casting process, otherwise 
uneven section of pipe longitudinally would 
result. The cross-sectional area of the trough 
varies. according to the size of pipe made, 


Fie, 7.—Sanp Cast (Upper) anp Spun Pipr 
(Lower). 


different sizes being used for pipes from 4 in, to 
15 in. dia. 

The synchronising of these three movements, 
namely, the rate of tilting the metal, the speed 
of the traverse of the machine and the peripheral 
speed of the mould, is a very important factor in 
correctly deposing the stream of metal and avoid- 
ing excessive ‘‘ lead ”’ referred to above. 


Casting Temperature. 


In the production of satisfactory centrifugal 
castings it is important to observe the following 
conditions in respect to metal conditions :—(1) 
The metal must enter the mould in a truly fluid 
condition—it is essential that the metal should 
flow easily, otherwise the centrifugal action would 
he unable to exert its full effect; (2) the metal 
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must enter the mould as a true liquid. The pre- 
sence of primary crystals in any bulk make it 
impossible to secure a smooth inside to the cast- 
ing; and (3) the metal must flow in an even 
stream down the pouring spout. Bearing in mind 
the small cross section and extreme length of the 
spout, it is clear that a sluggish metal would give 
an uneven flow, especially in the machines pro- 
ducing small pipes. 


Fig. 8.—MicropHoro. oF Spun [RON x | 
100 opzas., Ercuep 10 ver CENT. 
Nirric Acip, 


The requirements enumerated are only achieved 
by the use of hot metal. Excessive superheating 
of the metal is harmful, as excessive ‘‘ lead’? is 
thereby produced. It is not usual, however— 
assuming normal cupola practice—to obtain a 
temperature which is too great. 

Since the trough dimensions of the machines 
making pipes of large diameter are greater in 
respect to section of channel, and since a larger 
mass of metal is being dealt with, it 1s not neces- 
sary that the metal used on these machines should 
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be as hot as that used on the, smaller ones. In 
actual practice, metal taken from the cupola in’ 


the large ladle is first used for, the small machines 
and later for the larger machines. .The range of 


casting temperature permissible in. making pipes: 


4 in. to 15 in. dia. is 1,200 to 1,250 deg. C. 
The necessity of arranging the cupola practice 

to secure a clean metal can be emphasised here. 

Dirty metal—owing to the inability to ensure 


Fig. 9.=-MicropHoto. or Sanp Cast Iron 
x 100 pras., Ercurp 10 per CENT. 
Nirric Acip. 


thorough skimming—gives rise to rough insides 
and other defects in the castings. 

Numerous tests have been carried out to 
ascertain the physical effect on pipes cast at 
different temperatures. By reference to the 
graph Fig. 11, it will be seen that best results 
obtained from Stanton iron are with a tempera- 
ture lying between 1,200 and 1,250 dee. C. These 
curves are obtained from the average of a large 
number of tests made on ring and bar test pieces 
cut from the pipes cast with metal at varying 
temperatures, 


~ 


Ee Ne ee ee 


Ring a ee ee 


ae a a 


A8l 


Metal Composition. 

It will be shown that very definite segregation 
occurs in metal cast. centrifugally ; thus to ensure 
freedom from excessive migration of the elements 
the metal needs to possess as short a cooling range 
as possible. The ideal composition is, therefore, 
a eutectic melt. 

In the practice referred to pig-iron of one 
brand is used, Nos. 3 and 4 foundry grades being 


Fre, 10.—Trhe Sptnninc MacurIne. 


supplied. On this account the total carbon of 
the re-melted metal is almost constant, the only 
variable element is silicon. It is therefore pos- 
sible to control the metal by silicon content alone. 

For example, using ® pig-iron giving a re- 
melted metal with 3.5 per cent. carbon, it can 
be proved—neglecting other elements—that 3.0 
per cent. silicon will give a eutectic melt. Hxten- 
sive experiments made on pipes cast from this 
‘iron showed that excellent results were obtained 
with 2.95 per cent. silicon. This proves the. suit- 
ability of a very close cooling range. 

R 
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Migration of Elements. 
Segregation of elements in ‘‘ spun” castings 


has been closely studied by taking successive 
planings from a section of pipe and subjecting 


MECHANICAL 


Ov2r 


om 


or! 


oon 


11.—Errect oF CaAstiInG TEMPERATURE ON 


a 
™~™ 


, 


19 
8 
n 


Fic. 


PRopERTIES OF SpuN IRON. 


them to analysis. The results are shown in “ 


graphical form in Fig. 12. 

Silicon.—This element is uniformly distributed. 
Only substances in suspension can be segregated 
in the centrifugal process; no effect is produced 
on substances in solution. Silicon is present in 
the metal in solution, and therefore no migration 
takes place. The graphs for silicon are horizontal 
in each case. 
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Sulphur,—Manganese sulphide and iron sul- 


‘phide are not soluble in Gamma iron, they possess” 


a low specific gravity and the former has a high 
melting point. It is easy to ‘realise that these 
compounds tend to accumulate on the inside of a 
centrifugal casting. The graphs show clearly the 
marked inward migration of sulphur. 

It is remembered that no migration occurs in 
the extreme outer skin of thé casting, owing to 
the. quenching effect which it has undergone. 
With such high rates of cooling the outer layer 
of metal beeomes solid so quickly that there ts no 
time for any segregation to occur. 

Manganese -—Such manganese as exists as sul- 
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Vig. .13.—Fracture oF Seun Iron, 
SHOWING CHILLED Face. 


phide migrates inwards, as described under sul- 
phur. The residual manganese, being in solution, 
spreads itself evenly through the mass. ” 

Phosphorus.—The graphs show that this element 
accumulates towards the outside of the castings. 
This is explained by the low melting points and 
high specific gravity of the phosphide eutectic. 
This eutectic operated upon by radial force exudes 
outwards through the solidifying mass, and since 
it does not solidify above 950 deg. C. it builds up 
on the outside of the casting just beneath the 
chilled portion already referred to. 


Graphite. 

Carbon as graphite existing in the metal during 
the early stages of solidification migrates inwards 
on account of its low density. This is clearly indi- 
cated on the graphs. Since an approximately 
eutectic melt is used, the migration is not consider- 
able; it would be much more marked in carhon- 
rich metal owing to the rapid decomposition of 


primary ceinentite ; in fact, if such a metal were 
used the inside of the pipes would contain a large 
= proportion of kish. 


naga Combined Carbon. 


In unannealed pipes the preponderance of the 
combined carbon occurs on the outside of the cast- 
ing. This is to be expected, as the chilling effect 
of the mould causes a rapid rate of cooling in this 


f 
: Wie. 14.—MiIcrostRUCTURE OF CHILLED 
Ry PortIoN oF Spun Pi1reE x 120 DIAS. 
4 Ercuep 10 per cent. Nirric Act. 
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part of the casting. The rate of cooling is much 

: less rapid as the inside of the casting is 

i approached, and for this reason the combined 
ue _-earbon percentage becomes considerably less. 


; Effects of Elements. 


3 / Silicon._From the point of metal control this 
element is the most important. Silicon possesses 
the property of promoting graphitisation—it is 
easier to saturate a silicious iron with carbon than 
it is to saturate pure iron. By varying the silicon 
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content it is possible to obtain an iron super- 


saturated, saturated, or under-saturated in respect 


to carbon. Control’ of the silicon content makes 
it possible—knowing the carbon content—to secure 
an almost eutectic melt, which for the process is 
ideal. Silicon tends to destroy chill, but 1f present 
in large quantity is prorie to make the~ metal 
sluggish, 


Fie. 15.—Microstructure or Spun Pires 
Cast IN Hor Movunp x 120. pias. 
EitcHep 10 per cent. Nitric Acip. 


Manganese. 


This element exerts its usual effects. It favours 
the production of chill, exerts a hardening 
influence and improves tensile strength. By com- 
bining with sulphur it causes the inward migration 
of the latter element. [he manganese content, 
0.3 per cent., in the metal used in the process 
under review is too low to cause much effect. 


Phosphorus. 


Tensile and bending strengths are improved by 


this element up to 0:8 per cent. P., and little 
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detriment to mechanical properties occurs if 1.5 
per cent. P. is not exceeded. Above this amount 
the hardening and embrittling effects of phos- 
phorus make themselves apparent. Phosphorus 
aids spinning by making the metal more fluid; by 
making the cooling range longer it tends to pro-— 
mote graphitisation. This can, however, be 
counteracted by the adjustment of the silicon 
content, 


CTC 16.—MicrostrRucTURE OF CHILL x 
350 pras. HrcoHEeD 10 PER CENT. Nitric 
ACID. 


Sulphur. 


This element is opposite to silicon in its effects. 
It favours production of chill and generally tends 
to close the grain of the metal. If present in any 


quantity it is most harmful, 


Carbon. 
The carbon content is fixed by the class of pig- 
iron in use. High. carbon gives a sluggish metal 
quite unsuited to the process. Tow carbon gives 


a free-running iron which has a decided tendency 
to chill. The requirement for the process is the 
correct.adjustment of the silicon and carbon con- 
tents so as to secure a metal just saturated with 
carbon. 

Production of the Chill. 


A remarkable feature of the castings produced 
by this process is that the outer skin of the metal 


Vic. 17.—Miecrocrarn or tHE MIppiek 
SEcTION or, A Spun Pier x 100 pias. 
Ercurp 10 per centr. Nitric ActIp. 


is chilled (Fig. 13). Normally a cast iron of such 
a composition cannot be chilled by most severe 
quenching when cast in sections other than. centri- 
fugally, comparable with the thickness of a 
“spun” pipe. Three interesting simple experi- 
ments were performed to study the conditions pro- 
ducing this chill:— 

(1) A pipe was centrifugally cast under normal 
conditions. The usual chill was produced. Fig, 14 
shows the micro-structure of the extreme outer 
edge of the pipe. (2) A pipe was cast in a hot 
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mould, no cooling water being used. No chill was. 
formed. Fig, 15 shows the micro-structure of this” 
outer edge; and (3) Metal was poured into a 
stationary water-cooled mould. No chill was 
found. \ , 

These. experiments show that water cooling and 
centrifugal action contribute to the formation of 
the chill. The mould, rotating in water which 18. 
constantly circulating, must possess a chilling sur- 


Fie. 18.—MicrostrvuctuRr oF THE INNER, 
Section or Srun Pree x 100 vias. 
Ercuep 10 per cent. Nirric Actin. 


face capable of securing maximum cooling effects. 
The metal nearest to the mould face suffers the 
maximum quenching effect, and thus cools so 
rapidly that, in spite of its composition, it has 
no time to graphitise. 


Microstructure. 


Unannealed Castings.—The section of pipe 
reveals, on microscopical examination, three 
distinct fields:—(1) The outer chill; (2) the middle , 
cellular structure; and (3) the inner fibrous 
structure, 


The chill (Fig. 16) is definitely the well-known 
austenite-cementite eutectic along with primary 
austenite, in the case of under-saturated metal; 
or with decomposed primary cementite in the case 
of super-saturated metal. The chill exists, as 
already explained, on account of the high rate of 
cooling secured \in the process. The crystals of , 
cementite and austenite are trapped in their 


Fig. 19.—MtcrostructurE or ANNEALED 
Spun Pierre x 120 pias. HErcouep 10 PER 
cent. Nirrric Actrp. 


original forms, having no time to decompose. The 
micrograph (Fig. 16) shows the nature of the 
chill, the crystals are elongated, having their 
orientation normal to the chilling face of the 
mould, 

The middle section is cellular (Fig. 17). In this 
section the rate of cooling is less severe and decom- 
position of the original austenite and cementite 
has occurred. Graphitisation is almost complete, 
although the rate of cooling has been sufficiently 
high to cause the graphite to separate in an 
exceedingly fine form. Some martensite sorbite is 


ary ; : 491 } 
occasionally present. The phosphide. eutectic is 

shown to be distributed in a very fine form. 
The inner section is of a coarser nature (Fig. 
18); it is found in all but small pipes of thin 
section. This structure is representative of a still 
~ slower rate of cooling, the general field being 
EP graphite in a matrix of silico-ferrite. The graphite 
is noticeably coarser, being in the form of rosettes, 
nde. the phosphide is in a finely distributed 

orm. 


Fie, 20.—Sprcra, TRANSVERSE TESTING 
MAcHINE FoR PrpzEs. 


Annealing or Normalising. 


‘ The chill on the outer skin of the pipe described 
is hard and must be destroyed. The austenite 
cementite being in an extremely unstable condi- 

ne tion, readily responds to heat treatment. This 

4 heat treatment is a time-temperature process of 

x the usual kind; the continuous furnaces used are 

: arranged in respect to both time and temperature 
so as to enable the chill to be completely decom- 


, posed. The eutectic cementite graphitises, and 
‘a the remainder of the structure decomposes to an 


approximately ferrite-graphite structure, some 

martensite-sorbite also being usually present. The 

micrograph (Fig. 19) shows the structure and 
al emphasises its extremely fine nature. 
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It has frequently been suggested that the chill 
formed on this type of casting is harmful. It is 
agreed that chill itself is not desired, being hard 
and brittle, but when completely normalised it 
possesses extremely good mechanical properties, — 
which do much to improve the quality of the pipe. 
Annealing or normalising as practised does not 


Fic. 21.—Transverse Testing MAcHINE 
ror Cur SAMPLES. 


affect to any extent the middle and inner sections 
of the pipes. 

The enhanced properties of spun metal can be 
ascribed to the structural features obtained by the 
rate of cooling in conjunction with centrifugal 
force, producing a fine deposition of the graphite, 
the fine distribution of the phosphorus, also a 
general reduction of grain size. 

: Mechanical Tests. 

The mechanical tests may be divided into two 
sections—‘‘ Tests on pipes as pipes’ and ‘‘ Tests 
on the metal as produced by the centrifugal pro- 
cess,’ 
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The tests in the first section were designed to 
determine the resistance of the pipe ,to such 
stresses as are likely to occur under working con- 
ditions, e.g., internal pressure, external load and 
transverse strains due to incorrect laying or earth 
subsidence. 


The tests in the second section include the deter- ‘4 


mination of tensile strength, moduli of rupture, 
moduli of elasticity and hardness tests. 


For these tests five different sizes of pipes were ih 


chosen, namely, 4, 6, 8, 10 and 12 in. dia. Some 


two hundred of these pipes were ‘used for the 


investigation, and well over ten thousand obser- 
vations were made. The average of all these tests 
will be given. : 

In order to obtain truly representative results 
the collecting of the sample pipes for test was 
spread over a period of fourteen months. As, it 
was deemed advisable to compare the results from 
different experiments with certain factors con- 


‘stant, a system was devised to obtain this. The 


pipes were manufactured singly, in batches of 
three, and in batches of six, but in no case were 
two sets of the same size of pipe taken on ‘the 
same day. ‘The pipes received no special treat- 
ment, they were spun and annealed. in the usual 
way, and the details of manufacture, temperature 
of metal, ete., were. noted. ; 


Hydraulic Pressure Tests on 12-foot Lengths. 
The object of this test was primarily to deter- 


mine the ultimate bursting pressure of pipes of 
varying size and. thickness. The method of test- 


ing these pipes to destruction was as follows:—_ 


Suitable cast iron end plates, machined to form 
a joint capable of withstanding a high pressure, 
were held in position by external tie rods. ‘The 
hydraulic pressure was applied by a high-pressure 
hand pump and the bursting pressures were read 
on a gauge with a tell-tale. pointer. The gauge 
used wag checked after each experiment against a 
standard gauge. 

Before testing, each pipe was carefully mea- 
sured, and after bursting the thickness was 


obtained by means of a micrometer at twelve. 


places along the length of the pipe, the maximum, 
minimum and average being recorded. 


\ 


_ Due to the high end-pressure necessary to make 
the joints in this test, it was evident that longi- 


tudinal stress was exerted on the pipes by tighten- 


ing the bolts. The test was, therefore, repeated 
on short sections 5 ft. in length cut from different 
portions of the pipe. = 


The object of this test was threefold: —(1) To 
ascertain if any one sectional length of the pipe 
. was stronger than the other; (2) to find the errors 
due to the possible bending of the longer length 
of pipe; and (3) to compare the bursting pressures 
with results from other experiments carried out 
on sample bar cut from the pipes. Wa 
The tensile figures obtained from the bursting 
pressures can only be looked upon as relative. 
The formula used for calculating these is:— 
ft= enue) ) 
at (R,,”) —(R..’) I S 


ft = tensile strength in lbs. per square inch. 
R, = outside radius of the pipes in inches. 
R, = inside radius of the pipes in inches. 
Pp = hydraulic pressure in lbs. per square inch. 


The figures shown in Table 1 give the average 
results obtained. 


TaBLN I.—Tensile Figures Obtained from Bursting Tests. 
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Calculated 
Bursting pressure. { tensile 
Lbs. per square in. strength. 
Tons. per sq. in. 
Dia. | Aver- Aver- 
of age age 
pipe | thick- | 12 tt. | thick-} 5ft. | 12 ft. | 5 ft. 
in ness |length.| ness | length. | length. | length. 
ins. | in ins. in ins. 
6 | 0.367 | 2,800 | 0.351 | 3,200 | 12.75 | 14.51 
8 0.354 | 2,500 | 0.398 | 2,850 | 13.30 | 14.41 
10 | 0.427 | 2,250 | 0.444 | 2,650 | 13.58 | 14.45 
12 0.442 | 2,000 | 0.448 | 2,300 | 13.46 | 14.65 


No. results 
the bursting 


are available for the 4-in. pipes. as 


pressure of these is higher than. 
that obtainable by the pump and tackle used, 
viz, 6,500 Ibs. per sq. in. 
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For comparison with the above there is: given 


in Tablé IT the figures obtained from similar tests 
on 5-ft. lengths of sand cast pipes. —\ 


TaBie I[.—Tensile Strength of Sand Cast Pipes calculated 
from Bursting Pressures. 


Calculated 
Bursting tensile 

Dia. of pipe | Thickness pressure. — strength. 
in ins. in ins. Lbs. Tons 


per sq. in. | per 8q. in. 


—— 


6 0.424 2,050 6.94: 
3 0.481 2,200 8.87 
10 0.507 2,050 9.58 
12 0.545 1,550 8.04 


The figures for the short lengths are consistently 
higher than those for the full length pipes, this 
being due to the greater bending effect on the 
longer pipes due to end pressure exerted by the 
bolts. 

From the above figures it will be seen that the 
strength of the spun pipes was on an average 74 
per cent. above that of the sand cast. The aver- 
age calculated tensile strength was 14.5 tons per 
sq. in, for ‘ spun”? pipes 5 ft. long, compared 
with 8.36 tons per sq. in. for sand. cast pipes. 
These figures appear low, but it will be proved 
later by other tests that this is due to combined 
stresses set up in'the pipes by this method of test- 
ing. 

External Pressure Test (Line Load). 

In order to obtain a measure of the resistance 
of the pipes to external loads, such as heavy 
vehicular traffic and trench filling, this test was 
made. : 

The press used consisted of four hydraulic cylin- 
ders suspended from a cross-piece forming part of 
a substantial frame. Sections 24 in. and 12 in.“in 
length cut from different portions of each of the 
pipes were tested in this machine. Before being 
tested the external diameter of the sample was 
measured at four different places to the accuracy 
of 1/100 of an inch. After the test the thickness 
was measured with a micrometer at six points 
along the fracture and the average noted. 
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rupture was calculated from the 


| (W(D, 8) 
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The modulus of 
fornia: 


Modulus of rupture= 


where W=weight applied in Ibs. 


t=thickness of pipe in inches. 
b=length in inches. 

The point of the first fracture was observed, 
which occurred at the top or at the bottom of the 
pipe, these being the points at which the maxi- 
mum stress takes place. 

The average results are given in Table III :— 
TasBuE I1L.—Modulus of Rupture of Spun Pipes calculated 

from External Pressure Tests. 


Dia. of pipe | Thickness |Load per foot] Modulus of 
in ins. in ins. in tons. rupture. 
4 0.383 8.56 60,060 
6 0.379 6.72 04,767 
Sis 0.394 5.47 53,595 
10 1 0.442 5.78 55,257 
12 0.441 4.46 52,081 


Transverse Test on Pipes. 

Pipes were laid in the ground or when sup- 
ported on beams are subjected, to bending 
stresses, and this test was designed to determine 
the strength of the pipes under such conditions 
A machine (Fig. 20) was designed consisting 
mainly of a heavy bed plate to which was attached 
a hydraulic ram as shown. The pipe to be tested 
was supported on the bed-plate on two supports 
10 ft. apart. The supports were, of cast iron and 
shaped to fit one-quarter of the circumference of 
the pipe, and the bearing surface was 1-in. broad. 

The load was apphed at two points, 4 ft. apart, 
symmetrical with the end:supports.. The packing 
pieces were similar in shape to the supports. The 
pressure in the cylinder was read on a set of 
gauges. The area of the cylinder was exactly 
T12 sq. in., and consequently 1 Ib. im the gauge 
represented a load of 1 .ewt. on the pipe, The 
deflections were measured to an accuracy of 
1/1,000 of an ineh by means of a vernier depth 
gauge on a tail rod, which was fixed to the ram. 

As before, the pipe to be tested was first care- 
fully measured. The amount of the deflection was 
noted under five different. loads. After this the 
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s load was increased steadily up to the breaking | 
_ point, and gauge readings’ were recorded. The 
thickness was then measured at the fracture with 
a micrometer. 
It was deemed preferable to apply the load at ° 
4 two points rather than one, because, by this means, 
the maximum strain was put on a fairly long” 
Ht! length of pipe instead of at only one point. Also, 
ie in this way, the deformation of the pipe in its 
cross-sectional plane was reduced, with a conse- _ 
quent reduction of error. ae 
Under the conditions of this experiment the 
deflections were measured at the point of applica- 
tion of the load, and therefore the maximum 
deflection at the centre had to be calculated. 


The modulus of elasticity was calculated from 
: the formula (3T - 4a)=deflection at point of 


application of load. 
Where W-=load; a=one-half the difference be- | 
tween the distance between the points of 
application and_ the distance between the sup- 
ports; E=modulus | of elasticity; I=moment_ of 
inertia; L=distance between supports. 
The value of I being determined from :— 
7 a 0 
T= gD.) 
The deflection used for the calculation of EK was 
‘that which was measured when the pipe carried 
: a weight equal to about 25 per cent. of its break- 
; “ing load. 
yy The modulus of rupture was calculated from the 
ei: , formula. | 


‘ Modulus of rupture= cg where M= ie and 
) 
( LOH =(D.9 
a A= wx 32D, 
32D, 


Waite 
.., Modulus of rupture= “9 “AD DD 


183.5-WD, 
D,*—D,* 

Although the bed-plate was designed to he as 
s rigid as possible, it was obvious: that there would — 
a be some slight movement. The machine was, 
o ‘therefore, calibrated, and the results were cor- 
rected accordingly. Table IV gives the average 

i result of this test. 


with a=36 ins., modulus of rupture= 
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Transverse Tests on Sample Bars. 

The following tésts were made from pieces cut 
from the sample pipes to enable a comparison to 
be made with spun metal and the figures usually 
specified for ordinary cast iron. The bars were 
cut longitudinally from different portions of the 
pipe. There were two bars cut from each portion, 
one being 1 in. broad and the other } in., whilst 
the thickness was that of the pipe. 

The tests were carried out on the machine 
shown in Fig. 21. The load was applied at a point 
central between the knife-edge supports, which 
were 12 in. apart. The bars were loaded with 
regular increments, a hundred lbs. for the 1-in. 
bars and 50 lbs. for the }-in. bar up to the break- 
ing point, and the deflections were measured, 
These measurements were taken by means of a 
vernier. 

The moduli of rupture and elasticity were caleu- 
lated from the usual formula. 


M. ORF 
Modulus of rupture= 7 Where Me by 
and Z= i's 
6 
2Ww 
.,Modulus of rupture= gr 
Wi? 


Modulus of elasticity= 


bt? 
id a, de Bi Ss 
Where [= 1p 
ne WAYS, hs? Al wi 
~ 48 defl, ~ bt® ~ 4bt® deft. 
Both these formule assume that the section of 
the bar is rectangular, but as these were cut out 
of a pipe, this is not the case, two sides being 


48 I x deflection. 


curved. Due to the shape of the section, the 
modulus of the figure is evidently something 
bt? 


slightly bigger than , and a corrective factor 


has to be introduced... 
Using the following notations :— 
Where b=breadth in inches. 
t=thickness in inches. 


: fof the pipe from 
R,=outer radius pi 


: ; which the bar has 
R,=inner radius 


been cut. 
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the following corrective factor for t was devised :— 


1d TOR, 
This factor is approximate, but the error is only 


in the thifd decimal place, and is therefore negli- 


gible, and no greater than the possible errors of 


observation. 

From the figures in Table V it will be seen that 
the average results for “ Spun > metal and sand 
cast are as follows:— 


Average modulus of rupture 59,768 45,025 
Average modulus of elasticity 15,870,086 13,910,000 


The figure specified for the British standard 
transverse bar 2 in. x1 in. tested on 3-ft. sup- 
ports, is 28 cwts., with a deflection of 0.33 ins. 

The figures in Table V (see page 501) give the 
average result of all the bars tested. 

The figures in Table VI show the equivalent 
breaking load on a standard Q-in. x J-in. bar 
calculated from the above results. 


TasLE VI.—Byuivalent Breaking Loads on Standard Bar 


calculated from Table V. 
Calculated breaking load. 


Dia. of pipe. | Width of bar] 2”.x 1” bar x 3’ 0” support. 
in ins. inins, | |-—-——_+—_—-—— 
Spun. Sand cast. 

' Cwts. Cwts. 

4 a 47.46 26.8 

4 45.25 287 

6 1 42. 66 31.85 

4 42.07 31.54 

8 1 42.77 97.25 

4 41.32 29.63 

10 1 37.82 30.42 

4 39.23 29.66 

12 1 38.05 27.98 

4 38.29 29.96 


Tensile Tests. 
Tensile test pieces were cut from all pipes on 
which experiments were made. In those cases in 
which the whole pipe was used for other tests, the 


Spun. Sand cast. 
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pieces were cut from broken fragments, otherwise — 


they were cut from ‘the spare pieces. In every 
case two pieces were cut from the same longitu- 
dinal section of the pipe and the average result 
used. The average results of 170 tests are given 
in Table VII :— 


TaBLE VII.—Tensile Tests of Pieces Cut from Pipes. 
Tensile strength. 


Dia. of pipe 


in ins, Spun. Sand cast. 
pa ee ee poe 
4 19.98 10.58 
6 19.10 10.71 
8 18.43 11.00 
10 18.05 11.65 
12 18.00 10.90 
Average | 18.71 10.37: 


The British Standard Specification for cast-iron 
pipes calls fora tensile test of 93 tons per sq. in. 


Ring Tests. 


Since the physical properties of spun iron are 
so widely different from those of the same iron 
cast in sand moulds, in order to test the strength 
of the metal in spun iron pipes it is obviously use- 
less to cast transverse and tensile test bars in the 
ordinary way. To cut them out of pipes is an 
expensive operation, so it was suggested that rings 
should be cut from the pipe and tested in a similar 
way to that of the link of a chain. 

This method of testing the strength of the spun 
iron has been adopted by the Stanton Company, 
and.is much appreciated by engineers by virtue of 
the fact that the result obtained from the test 
ring represents the strength of the metal as it 
exists in the finished pipe. A large number of 
experiments were made, in which the rings were 
tested and compared with tensile tests pieces cut 
' from an adjacent portion of the pipe, and it was 
found that the following formula is approximately 
correct : 


pe W: (D—-t) 

4,000 bt? 
Where W = breaking load in lbs.; D = outer 
diameter of ring in inches; b = breadth of ring, . 


and t = thickness. 


\ 


ing moment is 
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This formula may be deduced theoretically as 
follows:—It is commonly known that if a _cast- 
iron bar is broken transversely and the maximum 
skin tension calculated, this maximum will be 


<ahout 1.72 times the tensile strength of the iron 


in direct tension. In breaking a ring the bend- 


Wish 
2 


t Aue 
) and the resisting moment 


} 
sete 3 3 wages 
is —, -'. the maximum skin tension in lbs. per 


6 
‘ . 6 W (D-t) 
square inch is at hee 


This will be equivalent to a direct tensile 


trength of ice OY eI in to er 
strength ol oe be x 2,240 x 1.72 oe 
square inch, 2.¢ pusrtie es, which agrees very 
‘1 OE OSL bi Be 


nearly with the above formula. 
The average results of the series of tests under 


consideration are given in Table VII, also the 


results obtained from a similar number of rings 
cut from sand-cast pipes for comparison. 


Tapip VIII.—Ring Tests on Spun and Sand Cast Pipes. 


et 


Calculated 
Modulus of rupture. | tensile strength 
Dia. of pipe in tons per sq. in. 
in ins, ee 
Spun. |Sandcast.| Spun. Sand cast 
4. 79.280 47.800 20.75 10.8 
6 72.113 46.200 18.89 11.09 
8 71.300 47.650 18.68 Wed 
10 67.800 47.200 18.2 10.64 
12 65,600 46.650 17.8 10.58 


From this test the average modulus of elasticity 
of the spun pipe calculated from the increase of 
vertical diameter = 15,877,000. 


Brinell Hardness Tests. ’ 


Small pieces were taken from every broken pipe 


and also each ring used on this test, and were 
tested on a Brinell hardness machine, using @ 
ball 10 mm, dia, and pressure 1,000 kilo. for 
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15 sees. Readings were taken from the outside 
of the pipe, ‘the inside, and the middle of the 


fracture. The average hardness number of ap- 
proximately 2,000 results is 182. 


-_ Conclusion. aiid 


In conclusion, it is the opinion of the authors 
that in the course of time the methods of casting 
iron described in this Paper will take the place 
of the more usual methods which have been the 
practice in the past. 

In expressing this opinion, the writers do not 
overlook the fact that the Stanton Company, who 
are certainly by far the largest pipe makers in 
Europe, and probably in the world, will be the 
greatest sufferers, in consequence of having to dis- 
card plant, patterns, jigs, etc., on a scale obviously 
in excess of what would be necessary in the case 
of an undertaking with a smaller capacity of 
plant. 

The characteristics of the spun iron are so out- 
standing that it can only be a question of time 
before the process replaces older methods. ; 
' From .a commercial point of view perhaps the 
ereatest disadvantage to the universal adoption 
of the centrifugal method of making iron pipes 
is the fact that unless the pipes are made on an 
extensive scale, and unless manufacturing opera- 
tions are continuous, namely day and night, the 
full advantage is not) being taken of low manu- 
facturing costs; and it follows from this that the 
process will only be adopted by those concerns, 
and in those countries where an extensive demand’ 
is assured. In plain language, the advantages of 
the spun pipe can be summarised under the follow- 
ing headings :— 

(1) The resulting pipes aro stronger, and can, 
consequently be made thinner than the ordinary 
sand cast pipes. The latter are purposely made 
thicker than the actual requirements demand, to 
allow for irregularities in moulding and _ possibili- 
ties of flaws in the metal. 

(2) The resulting pipes can be relied upon as. 
being uniform one with the other, independent of 
the skill of the manual labour employed. The 
necessity in the case of the process of making spun 
pipes lies in the direction of maintaining the 
machinery in good condition, and does not rely to 


the same extent upon labour. It will be agreed 
that of the two it is easier to maintain machinery 
at concert pitch than it is to rely upon the more 
varying factors associated with every-day labour. 

(3) The fact cannot be overlooked that the ordi- 
nary methods ‘of making iron pipe necessitate em- 
ployment of labour under conditions far from con- 
genial, and there is no disguising the fact that 
during recent years there has been a difficulty in 
a getting apprentices to follow in the footsteps of 
ou their fathers. Not unnaturally, the youth of the 
_ coming generation drops into work where the sur- 
roundings and working conditions are as amenable 
as possible. It follows from this, therefore, that 
“a process which largely dispenses with the dis- 
agreeable conditions of ordinary pipe making, must 
have its advantages. 

(4) Last, and not least, the process is one which 
cannot fail to produce pipes more cheaply than. 
present methods, 

Finally, it is always difficult to introduce any- 
_thing new into so conservative a country as Eng- 
land. The fact, therefore, that up to the end of 
November, 1925, over 1,673 miles of these pipes 
have already been made and supplied must be 
looked upon as satisfactory, and that of these 
1,673 miles of pipes, 73 per cent. represent Tepeat 
orders placed by those who have given the pipe 
trial, speaks for itself, 

The plant laid down at Stanton for making 

{ these pipes is turning out some 25 miles per week, 
in sizes varying from 4 in. up to 15 in. dia. 
There is no reason to believe that pipes of larger 
diameter could not be equally well made by this 
process, but the demand for the larger sizes of 
pipe is a good deal more erratic, and it is doubtful 
whether a plant would be justified unless it was 
kept in fairly continuous operation. This it 
~ would be difficult to do when making sizes over 
and above the ordinary ‘bread and butter Hi 
sizes. 


—_——_——- 


cae DISCUSSION. 


Synchronisation of Movements. 
Mr. Herperr raised the question of the speed 
of moving the mould‘and the tipping of the dis- 
charge synchronising with each other. These two 
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movements were worked by hydraulic pressure, 


and, so far as he understood, they were not geared. 
Therefore, one had to depend on the opening of 


the hydraulic valve for synchronisation, and he 


did not think that was practicable. 

Mr. Witson replied to the effect that the 
pumps which supplied water-pressure for operating 
these machines were of the centrifugal type, 
and, in addition, there was fixed on the main a 
special type of air receiver with a capacity suffi- 


ciently large to make up the slight variation in ~ 


pressure caused by the various machines working 
together. In practice, they found that it was 
possible to work within limits sufficiently accurate 
for the production of a pipe uniform.in thickness. 

Mr. Hersert added that it would be interest 
ing to learn whether they could spin the mould 
too fast. 

Mr. Wixson ‘pointed out that the Speed of 
rotation of the mould was a very important factor, 
and that the correct speed had been ascertained 
for each size of ‘pipe cast, this speed having 
been arrived at by numerous tests carried out 
on pipes cast at different speeds. It is possible 
to spin a mould too fast, as, if the speed in- 


creased to any extent beyond the optimum speed, 


it would have an adverse effect on the quality 
of the pipe. 


Tests for C.I. Pipes. 


Mr. Herserr said that 20 tons per sq. in. 


tensile strength’ had been mentioned for spun 
pipes, and there were also some figures relating 
to the actual bursting pressures. In the spun 
pipes he believed it worked out, at about 143 
tons per sq. in., and, on an average, a little 
over 8 tons per sq. in. for sand-cast pipes. 
He added that the only thing he could say 
was that 8 tons per sq. in. on the metal in the 
ordinary cast-iron pipes corresponded with what 
they would get in an ordinary test, but under- 
stood that 91 tons was asked for in the British 
standard specification, which he considered — too 
much. 

In answer to the first part of Mr. Herbert’s 
question, Mr. Wirson referred to the part of 
the Paper in which it was expressed that the 
tensile streneth calculated from the bursting 
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pressures was low, both for sand-cast and spun 
pipes, and this was due to combined stresses. set 
up in the pipes, due to the high end-pressure 
necessary to make a satisfactory joint to with- 
stand such a high pressure. The results given 
later, on separate test bursts, proved that the 
metal in both classes of pipe was considerably 
stronger than that caleulated from the bursting 
pressures. 
Mr. Fox pointed out that he did not agree 
with Mr. Herbert that 9} tons per sq. in. ten- 
sile strength specified. by the British Standard 
Association was too high for ordinary cast iron; 
at Stanton Works they had no difficulty in obtain- 
ing a figure something higher than this in their 
ordinary sand-cast metal. 


Water Hammer. 

Mr. Garprner asked if any enlightenment could 
be given with regard to the manner in which 
thése pipes stood up to shock, say, through water 
hammer, Were they quite as good as sand-cast 
pipes? 

Mr. Witson pointed out that they had paid 
_ particular attention in their investigations in 
testing pipes to ascertain their resistance to shock. 
For the purpose of their investigations they 
had ~constructed a special type of machine for 
drop testing. For the purpose of this test the 
pipes were supported on a cast-iron saddle, and 
the weight dropped at various heights, whilst the 
pipe was under internal water pressure. - The 
results obtained from this test proved that the 
spun pipes, although 25 per cent. lighter, gave 
better results than the thicker sand-cast pipes. 


Migration of Elements. 


In reply to Mr. Campion on the question of 
the migration of the manganese, this element 
tends to migrate to the inside of the pipe, when 
present as manganese sulphide. In the Stanton 
spun pipe, the manganese is present to the ex- 
tent of 0.35 per cent. The sulphur present is 
sufficient to convert the whole of the manganese 
into manganese sulphide, so that, in the case 
of Stanton spun iron, there would be no man- 
ganese present other than the sulphide. 
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In the case of an iron with a higher manganese. 
content, the excess manganese over that required 


to combine with the sulphur. would be present 
as manganese carbide. — ee 
Mr. Campion suggested that this manganese 
carbide would migrate along with the iron, 
carbide. f ‘ 
Mr. Wrison stated that in their opinion this 
manganese carbide would be spread evenly 


‘through the mass. The authors have no definite 


data to support this statement, except the fact 
that’ the manganese carbide would be) in solu- 
tion along with the iron carbide, and solutions 
do not migrate. The carbon as graphite migrates, 
but not the combined carbon. | 


Carl Pardun, in ‘Stahl. und Eisen,”” August 
28, “ Principles of Centrifugal Casting,” ex- 
pressed a similar opinion to the above. He said :— 


“So long as manganese is combined with | 


sulphur it migrates towards the inner zone, 
‘Tf the amount of manganese combined with 


sulphur is deducted from the total manganese — 


it is found that the residual manganese is prac- 
tically equal in extent in all zones.” 

The figures given in the Paper refer to the 
total manganese. 


Growth of “Spun” fron. 


In regard to the question of the growth of 
spun iron, this is a matter which at present has 
not been investigated. Grey cast iron, generally 
speaking, commences, to grow as soon as heat- 
ing begins; in grey cast iron the graphite is 
much coarser than in the spun iron. In the 
latter it was distributed in a very fine form; 
this fine graphite distribution accounts to a large 
extent for the increased strength of the spun 
iron. 

It had been noticed that this fine structure 
and also the strength do not suffer by annealing 
for a short time, 

Spun iron had been found very good for 
piston rings, but they had no definite sfigures to 
hand as to the question of growth. 

He agreed with Mr. Campion that this subject 
offered a distinct field for research. 


/ 
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Life of Steel Moulds. | 


With regard to the life of the steel mould, the 
suggestion had_ been made that a mould made 


from some special alloy might be used. They had. 


several well-known metallurgists working on 


this subject in this country, and they were also. 


carrying out experiments with different materials 
in the U.S.A. Several special alloy steels have 
been tried, and the difficulty they had found was 
that, if they obtained an alloy which was ideal 
from one point of view, it was weak from another. 


What was required was a material which would 


stand repeated outside cooling and inside heating, 
or the continual “breathing,” as 1t was termed, 


which took place in the mould itself during the 


casting of a pipe. 

A member asked as to the method to be adopted 
in cutting pipes produced by the centrifugal 
process, inquiring as to whether in cutting a spun 
pipe the wheel should be used. It was sometimes 
difficult, he said, to get the cutter into ‘use 
owing to congestion in streets, for example. 
With regard to boring, he asked whether spun 


pipes were more difficult to drill than sand-cast » 


pipes? 

Mr. Witson said it was his experience that 
users of both spun and sand-cast pipes preferred 
using a diamond point and a flat chisel for cut- 
ting pipes underground, particularly in congested 
streets. Wheel cutters could be used for pipes 
that required cutting above ground. He also 
pointed out it had come to his knowledge that 
recently a machine using a cutting-off tool had 
been placed on the market. This machine was 
in two parts, and could be clamped round the 
pipe to be cut, the cutting off portion being drilled 
from the ground level by means of a chain and 
sprocket wheels. 

With reference to the possibility of cracking 
the pipe when drilling for surface connections, 
he had had no experience of this trouble, but 
this might possibly happen in any pipe if an 
attempt was made to feed the drill too quickly. 
As far as tapping was concerned, his firm had been 
complimented on this point, as the thread pro- 
duced was much stronger than that obtained in 
ordinary cast iron. Samples were on the table 
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for the members of the audience to inspect after 
the meeting. 


Centrifugally Casting in Sand Moulds. 


Another question was put from the audience 
asking whether centrifugal pipes could. be cast 
by sand moulds instead of steel moulds? 

Mr. Witson replied that lhe had thad some 
experience of casting centrifugally pipes in sand- 
rammed moulds, running the metal into the mould 
in a similar manner to what they were doing 
to-day, and that he understood experiments were 


now being carried out in America on these lines. 


The objection to this method of casting was, in 
the first’) place, the production was considerably 
slower than that which could be obtained from 
a permanent mould; secondly, the internal surface 
of the pipes was considerably rougher; and, 
thirdly, due to the slow rate of cooling, the pipes 
were very little stronger, if any, than those 
cast in the ordinary method, and that he, did 
not consider any advantage could be claimed for 
this method of casting over that of the ordinary 
vertically cast pipes. 

Mr. Lawrie pointed out that in the tests made 
with pipes made by the centrifugal method and 
pipes made in the ordinary way, it was stated 
by the lecturers that the metal, was taken from 
the same ladle. That might be, but he would lke 
to say that in this particular case the metal 
might be suitable for centrifugal casting, and not 
suitable for sand casting; consequently, the test 
would probably be against the sand-made casting. 
He thought that, in fairness to the old method, 
that should be taken into account. If the 
silicon was reduced down to the necessary degree 
to give a strong sand casting, they would get a 
far better test. He congratulated the Stanton 
Company on what they had accomplished. 

Mr. Winson agreed with what Mr. Lawrie said 
with regard to the silicon content in the metal 
used for sand-cast pipes and spun pipes, but 
pointed out that the figures shown were taken 
at an early stage in their experimental work, and 
that the iron used in this case was suitable for 
sand-cast pipes. In other words, the. metal was 
taken from a cupola which was supplying metal 
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to the vertical pipe pits and was not. specially 
melted for the production of spun pipes. 

A question was asked if any attempt had been 
made at casting thin pipes by this centrifugal 
process, and Mr. Witson, in his reply, stated that 
his firm had experimented in this direction, and 
had been able. to produce pipes 6 in. external 
diameter, 12 ft. long, as low as } in. thick. 


Oeste fal 
Wales and Monmouth Branch. 


—_—_—— 


GASES EVOLVED FROM HEATED IRON.. 


By Ben Hird, Member. 


In the following experiments an attempt was 
made to discover the nature of the gas which is 
given off from solid pieces of iron when their 
temperature is raised. This frequently occurs 
when nails, studs, chaplets, pieces of bar or pipe, 
chills or denseners are placed in moulds, and 


Kies. 1 70 3. 


their temperature raised by pouring molten iron 
around them. The gases given off under these 
conditions form gas holes in the vicinity, or 
directly connected with the nails, etc., which often 
cause serious trouble, and sometimes, loss of the 
casting when they occur on machined faces, or, 
where pressure tests are required. Figs. 1 to 3 
show blowholes caused by gas given off from a 


clean 6-in. sprig (Fig. 1); a tinned stud (Fig 2); — 


and a tinned pipe nail (Fig 3). These were cast 
open in green-sand experimental moulds 2 in. x 
3 in. x 6in. long, four in each mould, When the 
castings were broken, all the sprigs and pipe nails 
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showed blowholes, of the studs, two were ‘solid 
and two were blown, : : 

The first experiment was carried out as shown 
in Fig. 6. A mould was made in green sand from 
a pattern 10 in. dia, by 13 in. long and left open 
at the top. A piece of 1 in. wrought-iron pipe 
5/16 in. thick in section, sealed at one end and 
screwed at the other to take a reducing socket 


Fig. 8° 


into which a short piece of l-in. pipe could be 
fixed was made. The pipe was ground up bright 
on an emery to remove all traces of oxide, and 
afterwards heated to redness in a flame to remove 
all moisture, then allowed to cool (circa 80 deg.C.). 
When the mould was filled with molten iron, the 
pipe was pushed down in the centre and held there 
by weights on the iron straps, which were clipped 
on to the pipe and took a bearing on the edge of 
the moulding box. A length of rubber tube con- 
nected at one end to a 500 cc. gas-collecting bottle 
was pushed over the }-in. pipe. Gas began to 
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come through at once; after four minutes it came 
very freely in pulses of four to five seconds 
intervals. The bottle was filled with gas in twelve 
minutes, and a second 500 cc. bottle was connected 
up. The gas now came more regularly, this 
bottle was filled in 28} minutes, making a total 
of 1,000 ce. of gas in 303 minutes, The rubber 
pipe was disconnected and a light applied to the 
end of the 1-in, pipe; gas was still coming off and 
ignited for an instant with a pale blue flame. 
Looking down the tube it was possible to discern 
about 1 in. from the top of the casting a number 
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of gmall bubbles, the gas apparently forcing 
its way through the pipe at this point. Next day, 
when the casting was broken, the top portion, close 
to the pipe, where the small bubbles were seen, wa« 
honeycombed all around with blowholes, for a 
depth of 2 in. Large gas holes extended from the 
pipe into the casting in many directions (Mig. 8). 


Experiment with Hollow Cast-Iron Chills. 

A second experiment was made with cast-iron 
chills (or tubes) on similar lines to the first. 
Four cast-iron chills were made 2 in, dia. by 8 in. 
long with a 1 in. hole in the centre, one end solid 
and a lin. gas union cast in the other to take 
the piece of Lin. pipe, as shown in Fig. 5, ze 

82 
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chills were quite free from rust or moisture and 


were heated to 200 deg. C. before casting the iron ee. G 
around them. Several countersinks were put in : 
each chill, the object being to assist the gases to ee 


penetrate to the centre hole. Each mould was 

10 in. deep and the chill was set in the centre 

just before pouring the iron. e z 
No. 1, 44-in. Diameter.—Hot iron was poured ~ 

into the mould and gas was evolved at once with 

a very quick flow, easing off to very slow after - 

two minutes. Forty-five minutes later there was 


: 
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Fig. 10. 


a sudden increase in the flow for about two 
minutes. The 500 cc. bottle was filled in 85 a 
minutes. This casting was quite solid when ; 
broken, as shown in Fig. 9 (1). 

No. 2, 6 in. Diameter.—Hot iron was again 
poured into the mould; gas came off quickly at 
once, easing off after one and a half minutes; 
from then on it came away very slowly. The : 
500 cc. bottle was filled in 82 minutes. This cast- 
ing was quite solid when broken, as shown in 
Fig. 9 (2). 

No. 3, 8 in. Diameter.—Once more hot iron was 
poured into the mould; gas came off at once very 
quickly; it reached maximum in one and a half 
minutes and could be seen coming into the bottle 
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like a thin white mist. The gas continued to 
evolve freely, the 500 cc. bottle being filled in 
eleven minutes. Gas was still coming away after 
disconnecting the bottle. When this casting was 
broken large blowholes were found, which showed 
distinct proof of coming from the chill, as shown 
in Fig. 9 (8). 

No. 4, 10 in. Diameter.—This time dull iron 
was poured into the mould; the gas came off very 
slowly at first, but after two minutes it came more 
freely, gradually increasing. About 400 ce. of 
gas was collected in 48 minutes when the flow 
ceased. This casting was quite solid when broken, 
as shown in Fig. 9 (4). , 

The condition of the chills when the moulds 
were burst open was quite sound and perfect, 
showing no signs of seizing on or distortion. 


Experiment with Solid Cast-Iron Chills. 
The chills were made as shown in Fig. 4, that 


is 2 in. dia. x 8 in. long. ‘Three moulds were 
made 10 in. long x 6 in., 8 in. and 10 in. dia. 
respectively. They were all cast with hot iron 


and the chills were warmed to 100 deg. C. before 
placing them in the moulds. 

No. 2, 6 m. Diameter Mould.—Gas came as soon 
as the mould was filled with iron, the flow was 
very slow. There was a distinctly noticeable 
increase in the flow of gas about 30 minutes after 
casting, which lasted for about ten minutes; about 
200 cc. of gas was collected in 77 minutes, , 

No. 3, 8 in. Diameter Mowld.—When the mould 
was filled gas came at once very quickly; about 
200 ce. of gas was collected in eight minutes, the 
500 cc. bottle was filled with gas in 45 minutes. 

No. 4, 10 in. Diameter Mould.—Gas came off 
at once very quickly and could be seen gathering 
in the top of the bottle like a thin white mist. 
The water flowed from the outlet tube in a steady 
stream for thirteen minutes, then eased off to 
115 drops per minute. The bottle was filled with 
gas in 20 minutes. 

When these castings were burst open, the chills 
showed a peculiar distortion, varying in intensity 
with the diameter of the castings as can 
be seen in Fig. 10. No. 2 (Fig. 10) was 
very slightly distorted; No. 3, more 80; 
whilst No. 4 was quite pronounced. When 
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the chill was broken out of No. 4 the hole formed 
by the chill was pressed back behind where the 
distortion to the chill is seen in the illustration 
and a crack about 14 in. long ran back into the 
casting. When the portion was broken through, 
a large cavity extending a considerable distance 
was disclosed, a portion of this being shown in 
Fig. 11 (1). A part of the same cavity can be 
seen in the left-hand corner of the top half and 
right-hand corner of the bottom half of Fig. 10 
(4).. Apart from this the holes formed by the chills 
were quite true to shape. The appearance of the 
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chills suggested that some extremely high pressure 
had been exerted upon them whilst in a semi- 
molten state. The fact of the holes formed by the 
chills being quite true and smooth suggests that 
this distortion was caused by the gas pressure. 
Fig. 12 shows the condition of the sides of the 
hole very clearly, also the method of collecting 
the gas, 

When broken, No. ‘2 showed a characteristic 
pipe opening up into larger cavities where the 
gas, reaching the more liquid metal in the centre 
of the section, has more freedom to expand. This 
is shown more clearly in Fig. 11 (2 and 3). A 
piece of string and a piece of wire were placed in 
one of the many pipe holes to emphasise this 
point, which the author has often noticed when 


gases have been given off from solid metals in- 
serted in moulds, whether in the form of chills or 
to be cast-in. A personal theory is that the gases 
are given off from the solid iron, after it has been 
raised to a certain temperature by the surrounding 
molten metal, the metal around the chill having 
solidified to a soft, putty state before the 
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gas is given off, so that the gas has to force its 
way forming small pipes or channels to where the 
metal is more liquid. Here the gas has room to 
expand, and forms larger cavities. The casting 
shown in Fig. 11 (3) had several similar blowholes, 
but the piping was not quite so pronounced. 
There is here a phenomenon which is very diffi- 
cult to explain. The chill in the smaller diameter 
casting is the least distorted, and the gas has 
penetrated into the casting, obviously whilst it 
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was in a plastic condition. The chill in No, 3 has 
more distortion and less evidence of pipe-shaped 
blowholes. The chill in No. 4 is badly distorted, and 
there is only one distinct gas hole leading from 
the chill which had the appearance of being caused 
by an intense pressure of gas bursting through 
the almost-solidified metal surrounding the chill. 
One would have expected the opposite to occur, 
and the larger diameter casting to be penetrated 
by the pipe-like holes if the outlined theory 1s 
correct. It is not desired to advance any dogma- 
tic conclusions, but merely to state, as clearly as 
possible, the results of the experiments made in 
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(The mark on 2A Casting is a scratch on the film.) 


the hope that others will take up this question 
which is so important to foundrymen, 
From these experiments and past experience it 


is recommended that all who use round chills of - 


this type provide them with a hole through the 
centre, like a vent, to give the gases a means of 
escape. 


Heating Chills in a Coke Fire. 


The chill was of the same type as used in the 
previous experiments with solid chills, that is to 
say, 2 ins. dia. x 8 ins. long., and also was con- 
nected up to the gas bottle in the same way. 

The chill was placed in the furnace fire at 3.25 
p-m., and gas started to be evolved at 3.29 p.m. 
The bottom part of the chill was showing a dull 
red at 3.80, when the pressure of gas caused the 
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water to flow from the bottle in a small, steady 
stream, which reached its maximum about 3.33. 
At 3.35 the chill was red hot about half way up, 
and the water from the bottle had diminished to 
rapid drops 120 per minute. The 500 ce. bottle 
was now about half-full of gas. At 3.40 the drops 
had further diminished to 52 per minute, and the 
bottle was about three-quarters full of gas. The 
chill was now red hot at the top and white hot at 
the bottom, in fact the chill had just started to 
melt. At 3.45 the water was,coming away at the 
rate of ten drops per minute, and there was 
about half an inch more gas in the bottle. At 
3.50 drops of water had almost stopped—being 5 
per minute—half of the chill was now melted away. 
At 3.55 three drops per minute, and at 4.0 o’clock 
the gas had stopped coming away from the chill 
and the part which remained unmelted was taken 
out of the fire. 

_ The gas from these experiments was tested ‘in 
an Orsat Lougué gas analysis apparatus contain- 
ing four tubes. The author was not able to check 
the results very carefully, but, Table I shows the 
average of the results obtained. 


TapiE I.—Composition of Gases evolved in the ewpert- 
ments described. 


Experiment No. 1 Wrought 


iron tube .. ae Nil. 3.3 | 66.0 | Nil. 
Hollow Chills, No. | "595-1 .22.0' |’ Nil. | 15.5 
7 ot 2 6.2 | 21.3 | Nil. 12.8 

x an 3 Azd | 13.3 6.2 | 14.2 

9 ” 4. 7G | O0ak sana, .|ploe 
Solid Chills No. 2 14.5 | 17.5 | Nil. 5.0 
” ” 3 80.5 | 36.5 4.66) 3.0 

0 an 4 leon Gael 2. On toNal 8.0 
Solid chill heated in fire ..| 5.0 7.5 | Nil. Nil. 


As a result of another simple experiment made 
to prove that gases are given off from solid iron 
when it is at a certain temperature, it is thought 
that by careful research the exact temperature | 
could be found. In this case two open sand-moulds 
were made as shown in Fig. 7. Iron was poured 
in to a thickness of three-quarters of an inch into 
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each of the moulds. Fig. 13 (1a) illustrates a cast- 
ing which was allowed to cool down to 870 deg. 
©. (taken with an optical pyrometer), and then 
plate No. 1 was poured on top of it. Gas could 
be seen coming up through the layer of iron and 
burning for an instant with a pale blue flame until 
the iron set. When the plates were broken apart 
the top plate was honeyecombed with blowholes, as 
shown in Fig. 13 (1). ; en 
- In the case of the casting illustrated in Fig. 13 
(2a) the first layer was allowed to cool down to 
115 deg. C., taken with a thermometer, before 
pouring on the top layer. When these plates 
were separated after cooling the top one, Fig. 13 
(2) was quite sound and free from blowholes, 
Tt is well known amongst those who use chills 
for various purposes, such as chilled plough shares, 
rolls, etc., that when chills are over a certain tem- 
perature the molten iron will not lay quietly 
against the chills. 
Although these experiments are rather crude and 
incomplete, the author is confident that further 
investigation of the phenomenon along the lines 
indicated will be of considerable value to the 
foundry industry. 
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Lancashire Branch. 


LIQUID SHRINKAGE IN GREY IRON. 


By J. Longden, Associate Member. 


ns 


Existing Theories. 

Continental foundrymen, notably Ronceray, 
Brunelli and Leonard, had given a good deal of 
thought to the question of whether the cavities and 
porosities found in grey iron are to be attributed 
mainly to the action or presence of gases, or to a 
simple increase in density of the metal on crystal- 
lising. They leaned to the view that the chief 
cause was gas, either ‘‘ entrained ”’ in the act of 
pouring, or given off from the mould or cores. They 
further suggested that important changes, about 
which little was known, took place in cast iron, 
in passing from a high temperature to solidifica- 
tion. In their view the liquid grey iron expanded 
with falling temperature and if a mould was 
soundly rammed and no risers were provided such 
expansion helped to procure soundness in the cast- 
ing. Fletcher, in this country, had long held some- 
what similar views as to the importance of the 
question of gas influences, though his conclusions 
were not quite in line with those just referred to. 

Some important principles of a practical char- 
acter were dependent upon the answer to this ques- 


“tion of the cause of cavities in grey iron. The 


technique of the foundry had been slowly built up 
by generations of foundrymen who believed that 
cast iron shrinks on solidifying. Without losing 
sight of the importance of venting, experience 
taught them the need for feeding, by rod or head, 
or for some alternative or supplementary method. 
If the “ gas school ”’ were correct attention must 
be directed mainly to questions as to melting con- 
ditions, venting, and pouring, and as to mould 
materials. 

C, Fig. 1, shows the broken boss of a pinion 
with cast teeth, weighing 52 Ib. The boss had 


‘11 in. of metal all round the core, and was joined 
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to the rim by a solid web, 7% in. thick. The cast- 
ing was poured through a pencil runner placed on 


_the rim; the metal was of the following composi- 


tion :—Silicon, 2.40; total carbon, 3.40; man- 
ganese, 0.45; phosphorus, 1.30; and sulphur, 0.10 ~ 
per cent. Was the cavity shown due to gas which 
had been entrained in the act of pouring, or to 


- gases from the mould or core which had not found 


a way out? 

With a properly-made runner basin there ap- 
peared to be no reason why air should be en- 
trained. If a basin of proper size was used and 
kept full whilst casting was going on, the runner 
was as well sealed as it would be if a filter core 


were used. In this case a pencil runner was used, 


so presumably no air could have been entrained. 
Unless dull iron was used there was no reason why 
air carried down with the metal should not at 
once free itself on entering the mould and pass 
out through the interstices of the sand _ of the 
mould or the riser, together with the air which 
filled the mould at the commencement of casting. 
The relative difference in gravity of cast iron-and 
the gases concerned was so great as to make it 
extremely difficult for the latter, if free, to stay 
below the surface of the metal. In hot metal 
(leaving out of consideration for the moment the 
question of dissolved gases) gas must rise to the 
top; if it could not escape it would be found later 
at the top or lodged under some projection. Such 
bubbles could always be related to some unsuit- 
able mould condition, and “‘ blowing ”’ would have 
taken place at the runner or riser. Therefore 1t 
could not be admitted that entrainment of air 
might be responsible for the cavity in the boss. 


Is gas emitted from the core or mould at a later 
stage, when it cannot rise to the top owing to the 
partial solidification of the metal? The author re- 
jects this suggestion. It could not be imagined 
where, at that stage, the metal could have gone 
to which occupied the space supposed to have been 
taken up by the gas. A conclusive point was that 
the cavity was penetrated by erystal growths. 
Crystallisation could not proceed in gas, only in 
molten metal; therefore the space where the cavity 
was must have been previously filled with liquid 
which had drained away leaving the stark skele- 
ton outstanding. 
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Leonard Effect. 


In respect of examples A and ©, Fig. 1, 
the question might be discussed whether the 
defects were due to what had been called the 
‘Leonard effect.’’ In other words, had gas lodged 
in the location of the defect, because sucha loca- 
tion presented the line of least resistance? Where 
a core was insufficiently dried or vented, or the 
mould was insufficiently vented, it might, some- 
times, whilst the metal in the runner or riser 
was fluid, be easier for the gases to force their 
way through the liquid metal than back through 
the core or mould. But here, again, the cavities 
shown had evidently been formed when solidifica- 
tion was rather advanced. If a bubble of gas had 
been trapped in that central position whilst the 
metal was fluid, no crystals could grow in the 
rounded space occupied by the gas, and the cavity 
would have the smooth, round form which was 
always associated with simple gas cavities. One 
could not conceive of gas forcing its way from 
mould or cores into a section in which solidifica- 
tion was so far advanced that a skeleton crystal 
growth had been formed. At such a stage runners 
and risers were frozen, and metal could not be 
squeezed out from the casting. How, then, could 
gas force its way into partly-solidified metal? 
. Probably gas could not cause cavity or porosity 
in that way. 

On the face of it, the idea behind what had 
been called the ‘‘ Leonard effect’? was very 
plausible. A cavity was attributed to the emis- 
sion of gas from some local piece of the mould or 
core. Very often such defects were found near 
to parts of the mould which were difficult to vent 
properly, but that was only coincidence. The 
important fact was that such parts lost heat rela- 
tively slowly, and when a portion of a mould or 
core was badly vented, a part of the casting was 
thereby kept hotter than it otherwise would be. 
A good vent was also a good conductor of heat— 
that of hot gases from the mould face. The 
resulting hot spot might serve as a feeder for 
surrounding parts of the casting. 

Many foundrymen expressed themselves as 
doubtful whether the appearance of a cavity could 
be said to show whether the cause was gas or not. 
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‘There were difficult marginal cases, but generally 
‘speaking the difference was very marked, in 


minute cavities as well as in large ones. This 
statement is confirmed by a microphotograph 
(Fig. 2) of an open-sand-cast bar, ] in. x 1 in., 
the last of four which were poured out of one 
shank of metal, each bar representing a stage in 
the process for the elimination of sulphur. The 
fourth was cast when the metal was rapidly near- 
ing the pasty stage. It was fluid enough to allow 
the gas bubbles to distend in spherical form, but 
the fluidity was exhausted just in time to hold 
the bubbles at or near their points of generation. 
The important thing to notice is the bright, 
rounded appearance of these microscopical 
bubbles, which were photographed at a magnifica- 
tion of 350 diameters. The agent was definitely 
gas, as the appearance showed. No dendrites 
were seen penetrating them. 


Gas Content of Metals. 

Allerman and Darlington had stated that 
ferrous alloys might occlude large quantities of 
gases, in some cases equal to 200 times the volume 
of the metal; and that hydrogen was the most 
readily set free, carbon monoxide next, whilst 
nitrogen was held most tenaciously. Very little 
information was available as to the amount of 
gases soluble in cast iron at any given tempera- 
ture, though the fact was well established that 
cast iron, when’molten, did contain large quan- 
tities of gas. It was equally well established 
that large quantities of gas were kept in solution 
after solidification was complete. Cast iron, how- 
ever, on passing from the ore in the blast-furnace 
to the ladle under the cupola spout, had reached 
whatever degree of saturation by gas repre- 
sented equilibrium; and it did not seem reason- 
able to suppose that such cast iron could take up 
into solution further quantities of gas in the — 
mould. The conclusion, therefore, was that gases 
generated in the mould must pass away as bubbles 
or be trapped in the same condition. This state- 
ment might require to be modified, in line with 
the views expressed by Fletcher, namely, that 
mould conditions might be responsible for the 
presence of iron\oxide in the metal whilst liquid 
in the mould, and this, reacting with carbon, 
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might produce CO, which then became instru- 
mental in producing cavities. Hadfield told them 
that free oxygen had never been extracted from 
either solid or molten steel. Therefore, if oxygen 


Fie. 2.—Oprn-Sanp-Cast Bar x 350 pias. Exnisitingc Gas Busses. 


was present it must be as oxide. J. E. Johnson 
was said to have found 0.065 per cent. of oxygen 
in a cast iron, but he obtained his results by 
bessemerising a low-silicon iron from a cool- 
running furnace. Relatively’ little British 
foundry iron to-day came from such furnaces. 
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Comparison with Steel Conversion. 


It was well established, however, that silicon, 
carbon and manganese were strong deoxidising 
agents, and small quantities added to molten 
steel were found to prevent or reduce the tendency 
for gases to come out of solution on solidification 
of the metal, and thus to prevent blowholes. 
That the reactions between iron oxides and sili- 
con, carbon and manganese were very rapid 
might be gauged from the fact that, in a 10-ton 
acid Bessemer blow, 84 cwts. of these elements 
were oxidised out in 9 minutes. In the cupola 
the great bulk of the metal in the well was in 
contact with incandescent coke for as long a 
period or louger. Cireumstances, therefore, did 
not seem favourable to the retention of iron oxide 
in the metal up to reaching the mould for cast- 
ing. Bubbling in the mould, due to dampness or 
lack of venting, might induce a slight bessemeri- 
sing of the metal locally. It was not certain, 
however, that carbon would be oxidised. At that 
low temperature it might be silicon which produces 
no gas. 


Influence of Dissolved Gases. 


The influence of dissolved gas was put by 
Fletcher in this’ way in 1918:—‘‘ Growing first 
normally to the cooling faces of the mould, the 
primary austenitic crystallites, as they freeze, 
eject the gases they contained, when liquid, into 
the surrounding molten liquor. Forcing their way 
between the dendritic branches and stems, increas- 
ing in volume and the smaller bubbles coalescing 
during the advance, they strive to reach the centre 
of the ingot. The smaller skin crystallites, grow- 
ing rapidly, close up their ranks in the rear, 
driving before them the gas streams as_ the 
envelope thickens.’’ In this description one saw 
a possible explanation of the presence of cavities, 
which did not depend upon volume change in the 
metal. But it could only explain the cavities 
shown at A, B and C of Fig. 1 if the gas were 
out of solution and suspended finely throughout 
the metal before runners or risers were set; other- 
wise the gases, if there were no shrinkage cavities 
to receive them, could only occupy the space 
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which they held when in solution, which was rela- 
tively negligible, That is to say, if there were 
no liquid shrinkage gas could only form cayities 
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by ejecting the metal which had hitherto occu- 
pied the spaces. 

After a fairly long experience the author could 
not recall having seen on the surface of molten 
or solidifying cast iron any evidence of gases 
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being given off except that which is often seen 
creeping up from the sides of the ladle, or from 
underneath slag on the surface of the metal—each 
of which cases carried its own explanation. 

In proof of his views Fletcher advanced the 
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fact that an open-sand-cast iron plate would show 
bubbles on its upper surface on examination 
when cold. These, Fletcher thought, were due to 
gases freed from the metal riding at the surface. 
But this was by no means conclusive. Let any- 
one cast two open-sand cast plates in hot cast 
iron. Let the first be left uncovered and the 
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second, immediately after casting, be covered 
with a thin layer of fine dry sand, sieved on care- 
fully. The upper surface of the- first would be 
found to be full of holes, just under the skin, 
whilst the second would be as solid as if a top 
part had been used. If gases came out of solu- 
tion-in the first case, why not in the second case? 
There could be no question of pressure. He 
leaned to the view that the subcutaneous 
bubbles found in the first were not, strictly speak- 
ing, gases from the metal, but were formed, by 
reactions between the rapidly forming skin of 
iron and iron-oxide on the surface; the -oxide 
giving up its oxygen to the carbon, bubbles of 
gas were formed and held _ between downward- 
growing dendrites and under the fairly strong 
skin at the surface. 

When gases were coming off molten steel it 
boiled. On solidifying aluminium alloys ejected 
gas sometimes produced small blisters. If, how- 
ever, steel was degasified (or at any rate the gases 
were kept in solution over the solidifying period) 
the pipe became more pronounced. Probably the 
metal which was most gas-free was the metal 
which piped most readily and had the greatest 
apparent liquid shrinkage. Recent experiments 
had demonstrated that in certain aluminium 
alloys, when treated by a process which removed 
gases (included if not occluded), the liquid 
shrinkage factor was increased and an increase in 
density followed. This was also true of steel. All 
this evidence seemed to show that, whatever be 
the degree of importance of the influence of gases, 
there remained, at the back of it all, an inde- 
pendent and substantial liquid shrinkage factor, 
which had to be dealt with as. a separate problem. 


Experimental Data. 


In a Paper read last year before the Falkirk 
Section, the author outlined some experiments. 
undertaken by him to ascertain the amount of 
liquid shrinkage in certain grey irons. The irons 
used were of the medium order in-composition. He 
proceeded upon this principle: A runner, of any 
dimension, is capable of feeding a casting, in' 
some degree, after pouring is complete. Hence, 
if liquid shrinkage is to be measured in any 
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quantity of metal, that quantity must be isolated 
from any supply of head metal. In moulding, the 
upper surface of the pattern was kept perfectly 
level whilst the joint was kept full and sharp to 
the top of the pattern. When such a mould was 
being cast the mould filled; then, if the head 
was kept full, the metal ran away through the 
channel provided for it; at the same time there 


was some little pressure on the flat upper surface, 
of the mould. When pouring ceased all metal 


not required to fill the mould drained away. Such 
a casting had no head from which to draw sup- 
plies of new metal. With each example of this 
kind a further mould was made and cast out of 
the same shank of- metal. In the second case, 
however, the mould was provided with a 2-in. 
diameter riser for feeding with the rod. The one 
was then weighed against the other, the idea 
being that equal weights of metal of the same 
composition represented equal volumes, and there- 
fore, that the difference in weight fairly repre- 
sented the difference-in volume.- In green-sand- 
made castings the difference was found to be 
round about 4.5 per cent., in dry-sand-made cast- 
ings about 2.35 per cent. Further experiments 
with the same pattern -disclosed the fact that, 
soon after casting, the shell of the green-sand- 
made casting expanded, increasing the capacity 
of the block by 2.737 cub. in., whilst the dry-sand- 
made casting increased its capacity by 0.707 
cub. in. This showed that the higher resistivity 
of the dry-sand mould reduced the shrinkage 
cavity, because the forces which made for expan- 
sion. were directed inwards to a greater degree 
than in the green-sand mould. The general con- 
clusions arrived at were :— 

(1) Grey iron shrinks round about 4.5 per cent. 
of its liquid volume on crystallising. 

(2) If the expansion which immediately follows 


crystallisation be directed wholly inwards, there is 
a residual loss of volume, due to liquid shrinkage, 


-.of round about 1.5 per cent. 


(3) Quick cooling (as by the use of chills) does 
not reduce the rate of liquid shrinkage, but 
makes for greater solidity only if solidification is 
so speeded up thereby as to enable new metal to 
reach the part concerned. 
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(4) The aggregate loss of volume due to liquid 
shrinkage does not appear to he appreciably 


affected by temperature of pouring or composition. 


(5) Slow pouring does not reduce the rate of 
liquid shrinkage, but may alter its distribution 
throughout the casting. oe 

The late T. D. West, from experiments made 
with spheres cast-in dry sand, concluded that, 


Fig. 7.—SHowing Presence oF GRAPHITE IN 
Raprpiy Coorep Cast Iron. 


generally, cast iron shrinks about 1 per cent. on 
solidification. Later, after further experiments, 
he concluded that the shrinkage factor was round 
about 2 per cent. for sand-made castings and 
4.5 per cent. for chilled castings. Now if the 
cavities found in castings were due solely to 
simple volume change, the absolute shrinkage 
factor for an iron of a given composition would 
remain constant; if the cavities were simply due 
to gases which had come out of solution the 


shrinkage factor would become a cavity factor 
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varying with the amount of gas held in solution 
and that which may be released on solidification. 
These last factors might depend upon the vagaries 
of furnace practice. : 

In respect of the irons used by the writer in 
the experiments referred to above, the phosphorus 
contents of the metal ranged from 0.6 to 0.7 per 
cent. It was also pointed out that, having regard 
to Turner’s conclusions in respect of the post- 
solidification expansion of phosphoric irons, that 
such irons, in certain circumstances, might show 
no residual shrinkage. In respect of experiments 
in plumbago and ganister moulds, which have 
recently been made with a view to proving that 
cast iron does not shrink on solidificaton, it is 
worthy of note that the irons used were of the 
phosphoric order. The writer has cast a 53-dia. 
sphere in a plumbago-lined mould, through a run- 
ner, on the joint, of 24 ins. by g-in. cross section, 
in similar metal, which proved to be solid to the 
eye. The metal analysed as follows: —Si. 2.438, 
G.C. 0.37, G.O. 8.1, P. 1.2, 8.0.1, Mn 0.42. On the 
other hand, the writer has cast many similar 
blocks in plumbago moulds, with low P. iron, with- 
out succeeding in getting a block free from shrink- 
age cavities. One such block is shown at K, 
Fig. 1, whilst D is the solid sphere in high P. 
metal, | 

In order to see whether a ganister mould would 
give solidity in the absence of any adequate source 
~ for the entry of new metal, a mould was made in 
ganister of the dimensions and form shown at 
Vig. 5. Five runners, each § in. dia., were 
placed at one end of the top part of the mould, 
and five risers of the same size were placed at 
the other end. The mould was kept on the stove 
bogie for a week, going in and out with the jobs 
for drying each day. It was then cast with metal 
of the composition—Si. 2.53, T.C. 3.66, P. 0.65, 
S. 0,08, and Mn, 0.42. The metal was nob very 
hot, but was very fluid, running quietly through 
the mould and filling up the riser head, which 
weighed 50 lbs. When examined, the casting was 
found to have piped, in the form of a shallow 
depression, which covered most of the upper sur- 
face of the casting, varying in depth from g in. 
to 3-16 in. Before closing the mould, great care 


had been taken to ensure that the top face of 
the mould be perfectly smooth and flat. The void 
thus apparent in the casting was about 15 cub. in., 
representing about 1 per cent. of the total capa- 
city of the mould, Whether the interior is solid 
or not, the writer does not know, not having been 
able to get it sectioned. In view of these experi- 
ments, the writer cannot agree that all grey 
irons, when cast into plumbago or ganister moulds, 
do not shrink on freezing. 

It was probable, however, that high-phosphorus 
irons showed relative solidity in such circum- 
stances, though not when cast into green-sand 
moulds. 

Influence of Temperature on Castings. 


The author’s experience led him to the conclu- 
sion that temperature differences did not much 
influence absolute liquid shrinkage, yet there was 
no doubt that pouring temperature had important 
influences on solidity in the casting. Anderson and 


Tape I.—Hxperimental Data, 
Weights in lbs. 


Test. First Cast. Last Cast. Difference. 
i 228 2222 54 
2 230 , .228 2 
33 By 225 i 
4 226 2254 4} 
5 2294 222 6 
6 228 

Analyses. 

Ae i OROee si 009 0,35 
Gries 2237 3.38 
Si. SED ill 2.50 
12 ONS 0.71 
Mn. woe O44. 0.40 
S. a EOLOS 0.67 
Specific Gravity. 

dees eM 7.094 


Johnson were of opinion that the higher the 
temperature at which a metal entered a mould 
the .greater would be its liquid shrinkage, and 
hence the weight of metal which could be poured 
into a mould at a higher temperature was less 
than at a lower temperature. As neither writer 
expressly excluded cast iron from this generalisa- 
tion, it might be assumed they both included it. 
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But whilst the principle was possibly true of some 
grades of cast iron, it was not true of a soft 
iron which the author had investigated. <A 
casting was moulded on a jar-ram turnover 
machine, The pattern was of cast iron, highly 
finished, mounted on a machined plate. The 
moulding boxes were uniform and machined on 
the joint faces. Each day, before moulding 
began, the sand was thrown into a single heap. 
Each box was given the same number of bumps 
in ramming, and the air pressure was constant. 
Bach day, eight moulds were cast out of a one- 
ton ladle, eight minutes elapsing between the 
commencement of casting to the finish of casting 
the eighth (Fig. 6). A summary of the data in 
respect of six days’ casts is given in Table I.-/In 
every case which he examined, the last to be cast 


was lighter than the first. There was no percep- 


tible difference in the castings except in weight; 
the last cast was as sharp as the first. 


Graphite in Molten Cast Iron. 


Some light was thrown on the subject by the 
analysis of No. 4 series. The one cast at the 
lower temperature was lower in combined carbon 
and higher in graphitic carbon, whilst the last 
cast was of lower density than the first. When 
the eight of that series had been cast some of 
the remaining metal was caught into a hand- 
ladle and a little was poured, in as thin a stream 
as possible, into cold water, A small button of this 
of some 6-mm. diameter was polished and etched, 
and a microphotograph taken. The microphoto- 
‘graph (Fig. 7) showed the unmistakable presence 
of graphite, with a matrix of cementite and 
martensite. From the lay-out of the graphite 
particles it might fairly be assumed that they 
formed a number of flakes which were broken up 
in the crunch consequent upon chilling. It was 
too often assumed that graphite could not exist 
in ordinary grey irons whilst molten. From the 


‘analysis it was apparent that the metal in ques- 


tion was hyper-eutectic in respect of carbon ; but 
s0 were a good many cast irons used in the 
foundry. In this case the graphite had probably 
come from decomposed primary cementite. 

The view that molten iron tended to expand in 
the mould might find some support in respect of 
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irons of the type here mentioned. If graphite 
was liberated in the metal whilst liquid, the 
latter would tend to gain in bulk before freezing. 
If such metal was in the mould before separation 
took place, and there was no opportunity to 
throw back the metal up the riser or runner, the 
metal would be denser than if cast at a lower 
temperature. It was generally admitted that — 
pressure alone was sufficient to hinder the forma- 
tion of graphite. This would seem to afford some 
explanation as to why castings which were cast 
hot were denser than those which were cast with 
dull metal. Whether this was equally true of 
eutectic or hyper-eutectic irons was not quite so 
certain, 

Smalley had presented a mass of original data 
upon the subject, which was of immense value to 


every foundryman. The author did not agree, 
however, with Mr. Smalley’s principal conclu- 
sion, namely: ‘‘ Cupola-melted grey iron, of nor- 


mal. chemical composition, does not shrink on 
solidification, if poured with a sufficient degree 
of superheat, and if cooled faster than a certain 
critical rate.” That conclusion was based on 
results achieved by the use of chills on a bed- 
plate casting and on the results obtained from 
the use of various compositions cast in sand and 
chill moulds. Nothing in Smalley’s data proved 
that the more rapid cooling reduced absolute 
shrinkage. It had been shown by the writer that 
quick cooling did not reduce shrinkage, and that 
chills only gave increased solidity or fullness if 
solidification was thereby so speeded up that new 
metal could flow to the part concerned whilst a 
liquid channel was open to it. This may be provea 
very simply. Specimens B, C, D and E, of Fig. 8, 
are sections of four cylindrical block castings, of 
the dimensions shown in Fig. 18. Each mould was 
made out of the same heap of sand. The bottom 
face of each mould was formed by a chill, which 
was as big as the pattern—in fact, the chills were 
similar castings. The head of each was 9 ins. 
The diameter of the runner of B was $ in., of 
C 1} in., of D 18 in., and E 2} ins. These dimen- 
sions give cross-sectional areas as follow:—B 
0.31, OC 0.99, D 2.1, and E 3.5 sq. ins. Rate of 
pouring was equalised by placing suitable cores in 
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the bottom of the runner basins of C, D and E, 
which were lifted out with a rod after pouring. 
All four were cast in quick succession out of one 
shank of iron, at an initial temperature of about 
1,345 deg. C. The metal had the following com- 
position: —T.C. 3.07, Si. 1.41, P. 0:31,-8. 0.094, 
and Mn. 0.41. 

The whole were cast within 80 seconds, so that 
the temperature variation could have been very 
small. B was cast first, and so on to E. Speci- 
men A, Fig. 7, was cast, under similar circum-— 
stances, on another occasion. The mould was 
made, however, as shown at Fig, 13, with provi- 
sion for all metal to flow away which was nov 
necessary to fill the mould. A chill, equal in size 
to the pattern, was placed on the bottom face, 
and the mould was’ cast, some 16 Ibs. of metal 
being run through it. The metal used had the 
composition :—T.C, 3.48, Si. 1.51, P. 0.39, S. 0.11 
and Mn. 0.50. 

The series A to E show a decided progression. 
A, having no head metal whatever, pipes in some- 
what the same amount as it would have if no chill 
had been used. B shows a decided pipe, due to 
the inability of the small runner to keep: liquid 
long enough to feed the void consequent on shrink- 
age; and so, progressively, to E, which is quite 
solid. 

In the two half-moulds made of cast iron, shown 
at I F, Fig, 8, the writer casts clutch blanks, a 
casting from the chill mould being shown at G. 
If very fluid metal be poured into it, the mould 
fills, and the metal in the riser can be seen to. 
freeze instantaneously. When pouring ceases, the 
metal in the runner stands up, roundly convex, 
owing to surface tension; but this quickly flattens 
and changes into a shallow pipe. ‘This shows that, 
even with such a rapid rate of cooling, a shrinkage 
loss needs to be made up from the runner. This 
noticeable loss, however, is not the total shrink- 
age loss. Heat conduction is very rapid, and a 
geod deal of shrinkage is compensated for whilst 
pouring is proceeding. 


Influence of Length of Cooling Range. 


Largely owing to Smalley’s work, a good deal 
of attention had been directed to the increased 
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solidity which. could be obtained in suitable 
circumstances by the use of iron having a short 
freezing range. Such irons were also the harder 
having low silicon and phosphorus, whilst the 
long freezing range irons had high silicon and 


phosphorus. If a given volume of metal be taken, 
hard irons tend to shrink more than soft irons. 
How, then, is it possible to account for greater 
solidity in’a casting made in hard iron than if 
cast in soft? Whilst absolute shrinkage must be 
measured as a proportion of the whole of the 
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metal used—i.e., runners, risers and casting 
together—the practical problem related to the 
casting only, If it was sound it was a matter for 
congratulation that runners, risers, heads and 
composition had been so arranged that they each 
played their part in securing the result. _ The 
harder, denser cast irons were more freely piping, 
and consequently might be expected to be more 
readily self-feeding. But that was not to say 
that such irons did not shrink in solidifying. 


If two representative metals were taken of the 
following orders: (1) T.C., 3.502 ¢81,-31.205— in, 
0.60; P, 0.20; and S, 0.10 per cent., and (2) 
T.C., 3.30; Si, 2.30; Mn, 0.60; P, 0.78; and §, 
0.10 per cent., there was a great difference in the 
mode of solidification. In (1) crystals would 
begin to grow when the temperature was as high 
as 1,230 deg. C., and with a further fall of 80 deg. 
C. its whole volume would be solid except some 
2.5 per cent. of phosphide eutectic, which froze 


at about 960 deg. C. In (2) crystallisation would 


begin at about 1,165 deg. C., and with a further 
temperature fall of 16 deg. C. the only remaining 
liquor would be that of the phosphide eutectic, 
which would here amount to 9.75 per cent. of the 
total volume, also freezing at about 960 deg. C. 
Obviously the harder iron had the longer freezing 
range from incipient to main solidification, but it 
was then nearly complete, whilst the softer iron 
had yet 9.75 per cent. of its volume liquid. In 
the first case, freezing having begun at a higher 
temperature and proceeding more slowly to main 
solidification—probably in a more fluid liquor 
than in the case of the softer iron—the early 
formed dendrites might tend to drift away from 
their attachments in response to a downward sag 
of the metal consequent on a demand for more 
liquor from below. On the other hand, in the 
soft iron, the crystal skeletons having been formed 
at a lower temperature, and more quickly, were 
buoyed up somewhat by a more viscous liquor, 
and the growing tendrils might quickly grow right 
across a section, leaving shrinkage to proceed 
within intercrystalline compartments and prevent- 
ing the flow of liquid to isolated heavy sections. 
Hence it was possible to reconcile the paradox that 
an iron with the higher absolute shrinkage might 
give a casting with the greater solidity. 
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Inlicence of Slow Pouring. 


The practical foundryman had evolved his prac- 
tice with a view to the elimination, as nearly as 
possible, of shrinkage defects. First, he chose 
metal of the right composition, then he cast very 
slowly; he might use chills, the feeding rod, or 
provide a substantial head of metal to serve as 
w reservoir to meet the requirements of the cast- 
ing. Slow pouring, with hot metal, had an 
important sphere of usefulness. For many small 
troublesome jobs it was very successful, providing 
an easily. applied and certain cure for many other- 
wise perplexing problems. The author had 
found it particularly useful as an aid to producing 
pulleys and gear blanks up to a weight of about 
2 ewts. For pulleys he had found a runner to 
casting ratio of 0.25 sq. in. per cwt. of casting 
very successful. Such a runner, in the form of a 
rectangular sectioned slit, placed on the rim, 
produced a clean casting, clean on the rim and 
in the boss when bored. The usual method of 
casting a pulley was_by placing a runner on the 
boss which needed to be fed with a rod; it had 
very indifferent results, so far as soundness was 
concerned, unless such a boss was chambered. For 
castings of heavier section than that of a pulley, 
a runner to casting ratio of not more than 
0.2 sq. in. per cwt. of casting was sufficient. 

He had never secured a definitely sound casting 
where any section was greater than 2 in. by means 
only of the pencil runner. A casting which had 
given a great deal of trouble was shown at Fig. 9. 
It was machined all over, a keyway being cut down 
the bore, and teeth cut all round the larger dia- 
meter. Slow pouring was tried with runners, as 
shown at Figs. 9, 10 and 11, but quite satisfactory 
castings could not be obtained, shallow depressions 
appearing at places though.the interior was quite 
solid. A further step was taken. What was in 
effect a small feeding head was placed as shown 
at Fig. 12. The metal fell through this from 
the runner basin into the casting, filling up the 
head last. With this form of runner very 
different results arose from the use of different 
metal mixtures. With an iron of the order of Si, 
25 31.0.5 73:62 Min; 20268 0-54" and S-: Ou per 
cent., the result was that, when the head was 
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knocked off the casting, a spongy place was dis- 
closed just below it in the casting whilst the 
head was quite solid. When iron of the order of 
Si, 1552-6.) 3.457 PR; 0.35) Mn} 0.6(dnd' $40.1 
per cent. was used, the casting was quite solid 
throughout, but a deep pipe appeared in the head 
at the top, just under the pencil runner. The 
pipe had a volume of about 1 cub. in. It was 
clear, however, that in both cases the casting 
needed feed iron. The iron with the shorter 
freezing range was the more readily feeding iron, 
and hence gave the more solid casting. 


Filtering Cast Iron. 


In a previous Paper the author has given his | 
views as to the reason why slow pouring, with the 
avoidance of risers, was so relatively successfmul. 
It had nothing to do with filtering. Fluid iron 
could not be filtered—though large lumps of non- 
metallic matter might thus be prevented from 
going down the runner. In fact, slag was as 
often found to have gone down a pencil runner 
as down an ordinary one. Perhaps a contri- 
butory cause was that the metal used must neces- ° 
sarily be very hot, which also meant that any slag 
which was about would also be very fluid. Fur- 
ther, the success of the method had nothing to do 
with gas, entrained or otherwise. Though a 
slowly-run casting took a longer time to pour, less | 
metal passed through the mould, for no riser was 
used; hence the metal in the mould was sooner 
quiet. ‘Though the runner was small it had more 
heat in its immediate surroundings than a larger 
runner would have, owing to the longer time 
during which hot iron had been passing through. 
Consequently it remained liquid long enough to 
meet the requirements of liquid metal called for 
by shrinkage due to an advanced solidification in 
some parts of the mould, and various degrees of 
incipient solidification in others. By the time the 
runner had frozen up the partially liquid casting 
would be interwoven by a sort of lattice-work of 
dendrites which quickly grew together, dividing 
out, more or less generally, the sum of cavity 
remaining due to solidification of the liquor. The 
shrinkage then took the form of minute inter- 
crystalline spaces. At. Fig. 14 is shown a sketch 
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of a casting made with a pencil gate. The bore 
is important, and, if cast in the ordinary way 
without feeding, cavities sometimes appear at B. 
It is cast. with invariable success with the pencil 
runner. One such casting was broken and den- 
sity determinations were taken of specimens from 
A (the first place to solidify) and B (the last place 
to solidify). The specific gravity at A was found 
to be 7.075, whilst that of B was 6.977. The last 
place to cool was therefore 1.38 per cent. less 
dense than the first place to cool. This shows that, 
though the structure of the part B was reason- 
ably close, there had been a more parsimonious 
distribution of crystal-making. material. 


Red Feeding. 


Feeding with the rod, or pumping, was a very 
laborious and doubtful method of securing solidity. 
The gear blank, for example, shown at 
Fig. 9, would rarely give a good casting 
by pumping, however big the riser might 
be. Almost invariably a cavity would appear 
in the bore when machined, at the oppo- 
' site side to where feeding had taken place. The 
same characteristics would appear in many cast- 
ings of a similar type, such as commutator bushes 
or couplings. The peculiar thing about it was 
that the cavity in a fed casting was often greater 
than that in a casting which was cast with an 
ordinary runner and riser and then left. The 
first point which suggested itself was that a cast- 
ing which was being fed with a rod was thereby 
precluded from benefiting in any way from the 
expanding forces within the casting. Another 
explanation arose from the probability that the 
feeding rod, as it rose and fell in the casting, 
had particles of oxide rubbed off it, which par- 
ticles were pushed or swirled away round the core. 
Any sponge formed at a later stage by reactions 
between the oxide and carbon could not be dis- 
lodged by continued feeding, the metal being 
. pasty. That this suggestion was quite within the 
bounds of possibility might be proved at any time 
when feeding was taking place. If, when feeding 
was just completed, the pasty metal left in the 
riser was watched, it would be seen to be swell- 
ing. A piece of that metal cut off when cold 
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would be found to be honeycombed, due to the 
reaction mentioned. It seemed very probable that 
the feeding rod only gave absolute solidity 
directly under it. The rod aided the passage of 
new metal into the mould generally during the 
early stages of incipient solidification, but it was 
doubtful if, when ‘the metal became really 
‘‘mushy,”? the rod could do any good at all 
except just below it. When the ‘‘ mushy ”’ stage 
had been definitely reached by the metal in the 
mould, the value obtainable from rod feeding was 
confined to the region of the riser or runner 
concerned. 


Chills and Denseners. 


In respect of chills or denseners, it was essen- 
tial to remember that their use did not reduce the 
amount of liquid shrinkage. Their function was 
to hasten the rate of solidification of the part 
concerned, so that new metal could flow to it 
through surrounding sections whilst such sections 
were liquid. It followed that a heavy part con- 
nected with a thin section required to be cooled 
more quickly (and hence needed heavier chills) 
than a part of the same dimensions connected 
with sections which were not so thin. It was 
often remarked that the use of chills sometimes 
resulted in the chilled part being solid at the 
expense of some neighbouring section. This was 
proof that the hasty freezing of such a heavy 
part did make ovecessary the supply of fresh 
metal to make good the loss due to solidification 
If such neighbouring sections, in their turn, 
could find no source froém which to make good the 
loss, the cavity or porosity would simply be 
transferred to that part. The obvious remedy 
was to hasten solidification in the heavy part, 
so that its losses of liquid were made good whilst 
the runner was still continuously open to it. 

The use of chills was not without disadvantage. 
If the only part upon which they could he placed 
was to be machined trouble was sure to come, 
sooner or later. The same weight of chill, when 
used against a soft iron as against a hard iron, 
would often result in unmachineability in the 
latter case. This was more disturbing when it 
was remembered that the harder irons required 
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heavier chilling than the softer. One could only 
feel quite safe in the use of chills when they 
could be placed on the opposite side of a section 
to that which was machined. For tightening up 
inner wall junctions the chill was indispensable. 


Feeding Heads. 


There remained to be referred to the use of 
feeding heads. The hot runner on a casting 
always functioned as a head of metal, upon which 
the casting might call, whilst liquid. A riser 
might also, but very infrequently, serve as a kind 
of head of metal for the same purpose. The cross- 
sectional area of these was necessarily very small 
and consequently did not remain liquid long 
enough to feed every part of the generality of 
castings. 

Head feeding might be called gravity feeding. 
If the thickness of the metal above any section 
was greater than such section, it would tend to 
remain liquid longer than the section below it, 
and by gravity would meet its demands for new 
liquid. ; 

In respect of the three types of head shown at 
Figs. 15, 16 and 17, the first is useless for feed- 
ing purposes, though it might have some little 
use as a dross head. By the time that the sec- 
tion below the flange was quite frozen the flange 
and head would also have frozen in the areas 
marked. The lines of demarcation between 
liquid and solid were not as clearly marked in a 
casting as they appeared in the sketch, because 
the process of solidification consisted of the growth 
of dendrites from the cooling faces, which soon 
became a solid mass—it might be likened to 
undergrowth—the pioneer crystallites continuing 
to forge ahead through the liquid, reinforced by 
their own branches and planes. Consequently, at 
the stage when the casting was solid to the degree 
shown by the sketch, the remaining core of metal 
would be intersected with elementary crystal 
growths. At such a stage the supply of liquor 
from above to the flange would be insufficient ; 
the passage would be frozen too soon. Conse- 
quently, when the flange was cleaned up, 
a series of holes would be found in it, 
or the whole of the region under the head would 
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be very open and porous. The difficulty which 
arose with any section which did not feed solid 
naturally was further emphasised when the 
moulder made large fillets, thus enlarging the 
pools of metal which were cut off from any supply - 
of head metal. 

The head shown at Fig. 16 was good, but, as 
shown by the isothermal lines, not without danger. 
The third was the best. It is perhaps the most 
expensive, and might entail the use of a great 
weight of metal, but if the casting was important 
such a head was a good investment. 

The author wishes to express his thanks to, Mr. 
R. K. Tullis, manager of the Kilbowie Labora- 
tories, for the photographs, microphotographs, 
analyses, and density determinations which he 
had made use of, and to Messrs. D. & J. Tullis, 
Kilbowie Ironworks, for permission to carry cut 
the experiments which had been referred to. 


DISCUSSION. 


Mr. A. L. Key, in proposing a vote of thanks 
to Mr. Longden, said many of the audience would 
have liked to have the experience of proving for 
themselves what Mr. Longden had told them, but 
to do so would involve much trouble, and they had 
other duties to perform, so these things had to 
be relegated to a secondary place; it was fortu- 
nate, therefore, that they were able to profit by 
the experience of others who had investigated 
these problems from a practical point of view. 
This was seconded by Mr. J. G. S. Primrose. 

The vote of thanks was passed unanimously. 

The Cuarrman (Mr. J. Masters) asked what Mr. 
Longden’s experience had been with oil-sand cores. 
If they had not been thoroughly dried what was 
the effect with regard to producing soundness 
when the metal was getting to the point of solidi- 
fication P 

With regard to runners, it was not the size 
alone that had to be taken into account. The dis- 
tribution was also an important factor in getting 
satisfactory results. 

Mr. Lonepen said his experience was that suc- 
cess in the use of oil-sand cores all depended on 
how the core was made, Take a core which was 
struck off with a strickle, with a long cast plate 
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at the underside of the core. At one time he had 
trouble with that type. In a casting, a sketch of 
which he showed, the bottom face was machined 
all over and highly polished. In one or two cases 
he found a number of holes on the machined sur- 
face, and the casting had to be scrapped- Look- 
ing at the core one day he observed drops of water 
underneath, and he came to the conclusion that 
in the scrapped castings referred to the water had 
condensed on the surface of the core and remained 
there until the molten iron reached it, spitting up 
the pellets of metal in the mould, which were later 
dug out by the cutting tool. Being in a hurry he 
had occasionally put cores in which at the moment 
were not sufficiently oxidised, not sufficiently dry. ~ 
The result had been that in casting there was a 
rreat rush of flame through the risers. But im no 
sase had he experienced any ill results which could 
be attributed to the use of oil-sand cores. If the 
core was dried so as to stand up well in the mould 
it would be satisfactory. 

Mr. A. L. Key said it was only under certain 
conditions that gas was present in the liquid 
metal. Blowholes showing in a casting after 
machining, might be attributed to gas evolved 
from the metal’ in the mould, but it was 
dependent upon the condition of the metal before 
it entered the mould. He made a series of cast- 
ings which were very hard, the silicon being 0.7 
per cent. Usually he cast them with the hottest 
metal possible, the temperature being about 
1,400 deg. C., and they were perfectly good, not a 
_sign of blowholes. On one occasion, however, he 
waited till the temperature had fallen 150 deg. C. 
and that casting came out full of holes. In the 
case cited by Mr. Longden of the two open-sand- 
cast plates, the one which was left uncovered was 
speckled with holes, while the one which was 
covered with a thin layer of sand was perfectly 
sound. The reason was that the latter was not 
exposed to the atmosphere. He drew the inference 
that at a certain temperature iron had a great 
susceptibility to absorb oxygen from the atmo- 
sphere. His opinion was, and had been for a long 
time, that if hot metal was poured into the moulds 
there was little fear of gas being evolved from the 
metal itself. Blowholes were caused by the metal 
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being at an undesirable temperature prior to going 
into the mould; assuming the moulding. conditions 
were normal. ; : 

Mr. A. Jackson said it seemed to him that in 
casting metal out of the same ladle there would 
be differences in the resulting material. If poured 
very hot and settling quickly it would be an iron 
of close texture, because the carbon was present 
as combined carbon. As it stiffened the graphitic 
carbon was formed, making a lighter iron, the 
volume was greater. At the finish it was a light 
iron of open texture. 

A heavy runner should have been used for sink- 
ings, but where the machining was not an im- 
portant factor very often a small fine runner could 
be used. Run with judgment, it produced the 
same effect, but the metal would not be as close 
an iron. The metal came in slowly and gradually 
set as it was poured out. 

Mr. Key said his advice was, ‘‘ Do not wait for 
the temperature to come down to a particular 
point. If the job has to be machined or has to 
withstand hydraulic pressure tests, cast with 
the metal as hot as you can get it, whatever the 
size of the casting.’’ He had followed that rule 
with a massive-sectioned 7-ton flywheel, and it 
turned out a good job, When he had waited for 
the temperature to fall he had not been successful. 


Mr. Jackson remarked that everyone must use 
his discretion in that matter. It depended on the 
particular article being dealt with. If it was 
something which had not to be machined and did 
not require a high polish, he would certainly take 
the colder metal, but if it had to be polished, use 
the hottest metal that can be obtained. The 
hotter metal would be closer in texture and better 
for polishing, because the graphitic carbon had 
not had time to form; it was in the combined car- 
bon form, and the material was of much closer 
grain. 

Mr. S. G. Smirn said in the main he agreed with 
the statements put forward in the paper, but one 
or two matters had been raised on which he would 
like to say a few words. The last speaker was 
correct in what he said regarding combined carbon 
and graphitic carbon. With combined carbon, 7.e., 
carbide, the carbon was dissolved in the iron, it 
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was not present in graphitic form. There were 
various types of graphitic carbon in the casting 
as modified by size, form, and distribution. Then 
reference had been made to tho metal in the last 
of a series of castings from the same ladle being 
lighter than the first. It appeared to him that 
would be so naturally, because, supposing they 
were running with the same kind of runners, there 
would be a difference in the swelling pressure due 
to the higher temperature of the iron. 

He did not quite follow Mr. Longden’s sugges- 
tion that iron with a shorter freezing range could 
be fed longer than iron with a long freezing range, 
but he quite believed that a sounder casting would 
be got from the harder iron. He had often shown 
to young men a number of 12 in. cubes cast with 
various kinds of iron, from very soft to very hard, 
and pointed out to them the variations in liquid 
shrinkage. The conclusion he arrived at, from 
his experiments and observations, was that iron of 
medium hardness gave the least liquid shrinkage. 
With very soft iron he got about the same degree 
of shrinkage as with very hard white iron, but it 
was a different form of shrinkage. In the former 
there was a very porous patch with cavities; in 
the other case one got a depression at the top but 
underneath it was sound and hard. 


He was in agreement with Mr. Longden’s remarks 
on head feeding. He had had a good deal of ex- 
perience of head feeding with all kinds of verti- 
cally run castings, probably more than any other 
man living, and his advice was: With head-feeding 
for vertical castings, never let the distance from 
the bottom of the flange to the top of the feeder 
be less than 9 ins. With a shorter distance there 
was often a cavity just at the top of the flange, 
and the machine cut it off. With certain grades 
of iron which had not much shrinkage it would 
clear with less than 9 ins., but that was his fixed 
figure. 

Reference had been made to hot metal and dull 
metal. What was meant by those terms? If they 
could be defined by reference to colour by Pouillet 
as was given in Hiorn’s “‘ Elementary Metallurgy,” 
or if people would speak in degrees Centigrade, 
they would get nearer to understanding one 
another. Of course some cupolas melted what would 
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be called a dull iron compared with the white 
hot iron melted in other cupolas. In other words, 
what would be considered a very high temperature 
in one foundry, may be considered only a medium 
temperature in another foundry. Hence the need 

of some intelligible form of expression. . 

Mr. Kny: In large castings what I describe as 
hot metal is in the region of 1,350 to 1,380 deg. C.; 
in smaller castings it is about 1,400 deg. C. 

Mr. Lonepen said perhaps he had not made 
himself clear with regard to what he meant in 
saying that iron with a short feeding range would — 
feed soundest. He did not mean to refer to the 
process of feeding by the rod; he meant natural 
feeding by gravity. 

He was not sure he agreed that in the case of 
the castings, of which the last out of the ladle 
was the lightest, it was explained by eating-in of 
the mould face. He had practised casting very 
hot, and on the face of it that might appear to 
give weight to what Mr. Smith had said, but if 
Mr. Smith had seen the castings in question he 
would have agreed that for all practical purposes 
the last was equal to the first; he could see no 
difference in the degree to which the surface of 
the mould had been eaten into; there was no 
distinctive difference between the irons in that 
respect. : 

With regard to Mr. Jackson’s remarks, he 
believed they were in practical agreement. He 
had no ground for assuming that cast iron, if of 
a eutectic composition, and which was not super- 
saturated with carbon, had graphite present in 
the liquid. It might be so, hut he did not know. 
But he did think that a good many cast irons in 
the foundry were super-saturated in respect. of 
carbon, and in those irons the carbon tended to 
come out of solution in the liquid in a more or 
less degree, and remain distributed and not float 
away as one might expect. Some of it remained 
distributed throughout the metal, reducing its 
density and reducing the weight of metal which 
could be put into a given space. That gave some | 
degree of support, or rather tended to explain, 
why in such cases the last casting was lighter 
than the first. 

‘Mr. Key was perfectly right in his suggestion 
regarding casting hot. It had been the experi- 
ence of perhaps nine out of ten foundrymen—it 


was his. personal experience—that hot castings 
gave the best results. He wondered whether in — 
the case described the core was damp. 

Mr. Knry said the core was overdried and he 
was afraid of the metal getting into the straw 
band because of the metal being so hot. _ 

Mr. LonepeN said apparently in such a case, if 
there is any bubbling, there is a tendency for a 
slight local bessemerising to take place, with 
resultant reactions which may later be respon- 
sible for holes, 

Mr. A. Surcurrre said if it was desired that 
a casting should not be drawn in any shape or form 
one must run it slowly or feed it with hot iron 
after it had been cast. 

Mr. H. Suerpurn said discussions of this kind 
reminded them of the complex nature of the 
material they dealt with, the varying conditions 
‘of moulding and the further complications arising 
from the human factor. They realised how great 
~ were the difficulties of the foundrymen’s job. He 
was coming to the conclusion that those in charge 
of foundries, unless they possessed some form of 
second sight or of intuition which psychologists 
did not tell them much about, would have to rely 
to an increasing extent on purely scientific assist- 
ance in their difficulties. Few of those present 
had those resources. 

Mr. Knry remarked that he thought his state- 
ments were quite justified because they were based 
on his personal observations of the results of 
differences in casting jobs over many years. 

The discussion then closed. 
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Scottish Branch 
(FALKIRK SECTION). 


SAND BLASTING AND OTHER AIDS TO FETTLING. 


By F. W. Neville, B.Sc. (Eng.). 


Sand blasting is the term generally used to 
describe a process for cleaning castings, stampings, 
and other metallic objects, which consists essen- 
tially of the projection of an abrasive at high 
velocity on to the object to be cleaned. 

The abrasive may be sand, steel grit, or steel 
shot of various grades; and the high velocity is 
obtained by discharging the abrasive with air 
under pressure through a nozzle. 

A typical general purpose plant consists of a 
chamber, the floor of which is gridded, so that 
abrasive, tailings, etc., fall through and_ slide 
down the sloping foundations to a worm conveyor, 
thence to be carried to a bucket elevator, from 
which they are discharged over a cleaning device. 
The tailings are collected separately, while the 
clean abrasive is delivered to the abrasive con- 
tainer to which the sand-blast nozzle is connected. 
From the top of the chamber, dust exhaust pipes 
lead through a dust separator to a fan; the fan 
discharge being made to atmosphere via a water 
tank, where the very fine dust is removed. When- 
ever possible the operator works from outside the 
chamber, the nozzle projecting into it, through, 
say, a rubber curtain or opening in sliding door. 
There are three systems of sand blast in general 
use—the pressure, the suction and the gravity 
feed. 


The Pressure System. 


In this system the abrasive is contained in a 
closed pressure chamber, to which is fed pressure- 
air, and from which a mixture of air and abra- 
sive passes through a control valve into a pipe 
line in which pressure-air is flowing; the whole 
being discharged through a nozzle at the end of 
the pipe. 
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The simplest sand-blast unit for this system con- 
sists of the pressure chamber, below which is the 
control valve, and above which is an abrasive 
’ hopper. There is a hand-operated valve between | 
the abrasive hopper and the pressure chamber. 
When the pressure chamber has been emptied of 
abrasive, air must be shut off to allow the chamber 
_ to be refilled from the hopper. Thus, continuous 
blasting-time is limited by the size of the pres- 
sure chamber. For many purposes, this fact, and 
the fact that time is needed to refill the pressure 
chamber are not disadvantageous—as for instance 
when the plant is applied to a tumbling barrel— 
providing a batch of castings is cleaned before the 
pressure chamber empties. This may be called a 
non-continuous plant. 

In cases where continuous blasting is required, 
this can be obtained by providing a pressure cham- 
ber intermediate between the first chamber and 
the hopper. Thus, blasting can be taking place 
from the lower chamber, while the middle chamber 
is being filled from the hopper, by closing the valve 
‘between the two chambers. When the valve 
between hopper and middle chamber is closed, and 
the other open, abrasive is being collected in the 
hopper, and is also falling from middle to lower 
chamber, blasting proceeding meanwhile. 

The plant can be arranged so that one move- 
ment of a single lever operates all the valves as 
required; and such a plant may be termed con- 
tinuous working. The sand control-valve works 
under very bad conditions, and moving parts 
should so far as is possible be protected from the 
abrasive. It should be easy to inspect all valves, 
and air supply pipes should be generous in size. 


The Suction System. , 


In this system the discharge unit consists of a 
discharge nozzle projecting from one end of a 
mixing chamber, into the other end of which is 
fitted an air nipple. A suction pipe leads from 
atmosphere past the sand control-valve to the side 
of the mixing chamber—the sand control-valve 
communicating with the sand-bin. 

Pressure air is fed by a separate pipe direct to 
the air nipple, discharged into the mixing cham- 
ber, there depressing the pressure below atmo- 
sphere, with the consequence that air from the 
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open end flows along the suction pipe, picks up 
the abrasive material, and carries it to the mix- 
ing chamber. There, pressure air, suction air and 
abrasive are mixed, and finally expelled through 
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the discharge nozzle. The abrasive is collected 
and returned to the sand-bin. This system is 
therefore automatically continuous working. 


Gravity Feed System. 


This approximates to the suction system, the 
chief difference being that the abrasive is fed to 


568 


a mixing chamber under the influence of gravity, 
additionally to any. suction effect. 


catleuan OF VARIOUS FACTORS ON THE 
WORKING OF A PLANT. 


A ka wledee of the effect of changing various 
factors, such as the abrasive, air pressure, etc., 
is useful, if the optimum efficiency is to be 
obtained from any of the above systems. 


(1) RELATION BETWEEN ABRASION RATE AND 
FLOW RATE. 


In this paper the rate at which material can 
be removed by blasting is called abrasion rate, 
and the rate at which abrasive flows through the 
nozzle—flow rate, in lbs. or grammes per minute 
as the case may be. 

If the amount of abrasive flowing is gradually 
increased by opening the control valve, a con- 
dition will be reached where the abrasive does not 
leave the nozzle steadily, but comes out in jerks— 
in fact surging occurs. 

Using a pressure plant under standardised con- 
ditions, with stationary nozzle perpendicular to 
the test piece, an air pressure of 15 Ibs. per sq. in. 
nozzle diameter 4 in., and using No. 24 steel grit, 
measurements of (a) air consumption, (b) flow 
rate in lbs. per minute, and (c) abrasion rate from 
a ©.R.C.A. plate in grammes per minute were 
made, and the results have been plotted. 

The relation between flow rate and abrasion rate 
is shown in Fig. 1. It will be seen that the rate 
of abrasion increases as the flow rate is increased, 
until about 20 lbs. per minute of steel grit is flow- 
ing. Thereafter it decreases. Slight surging is 
not evident until 60 lbs. of abrasive is flowing per 
minute. Over a range of flow of from 10 to 35 
lbs. per minute the abrasion rate does not change 
much. 


(2) RELATION BETWEEN FLOW RATE AND BLAST- 
ING EFFICIENCY. 


From the figures obtained above for air con- 
sumption the horse power required to keep the 
plant running under the various conditions has 
been computed. By dividing the abrasion rate by 
the horse power, a factor is obtained which enables 
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us to compare what the author calls the blasting 
efficiency, i.e., abrasion rate per horse power, for 
different flow rates. These results are plotted in 
Fig. 2. and it will be seen in this case again that 
maximum efficiency is obtained considerably before 
surging point is reached. 


It will be seen that maximum blasting efficiency 
is obtained when about 28 lbs. of abrasive flows 
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per minute. Maximum rate of abrasion occurred 
with a 20 lbs. per minute flow. From 20 lbs. per 
minute to 28 Ibs. per minute flow the abrasion rate 
decreases, but the blasting efficiency increases. 
This is becausé the air consumption is reduced. 


In practice, therefore, one should not pass the 
maximum quantity of abrasive through the nozzle. 
About half the maximum will give much better 
results, both as regards speed: of cleaning and 
efficiency. 


yy! P4560 : 
(3) EFFECT OF AIR PRESSURE ON ABRASION RATE. 


This test was made under conditions as pre-— 


viously described, but at various air pressures. 
Results at each pressure are for maximum effi- 
ciency as regards flow rate. ‘ 

_ The results have been plotted in Fig. 3, and 
the curve shows that abrasion rate increases with 
air pressure, and more than proportionally. Thus, 
in practice, to clean rapidly, increase the pressure, 
but there is a point to be noticed here as regards 
the test, which shows the rate at which material 
is removed from a steel plate.: In practice the 
amount of material removed does not matter, so 
long as scale, adherent sand, etc., is removed, and 
it may easily occur that, at, say, 15 lbs. per sq. in., 
a casting is being cleaned as quickly as nozzle 
control permits. If that be the case it would be 
foolish to push up the pressure—for the only effect 
would be to dig rather more deeply under the skin. 


(4) EFFECT OF AIR PRESSURE ON BLASTING 
EFFICIENCY. 


Taking the results of the previous test, and 
‘dividing the abrasion rate by the horse power used 

in compressing the air to the various pressures, 
there is obtained, as before, a blasting efficiency 
factor. The curve drawn in Fig. 4 from these re- 
sults shows that blasting efficiency is approximately 
constant at various pressures. 

Thus, if other conditions permit, in a foundry, 
und work could conveniently be done at a greater 
rate, then increase the air pressure to obtain 
greater rate of cleaning without loss of efficiency. 

It may be noted here, that blasting efficiency is 
only one factor in the all-important overall com- 
mercial efficiency. To obtain this latter capital 
expenditure and many other matters have to be 
considered. But conditions are so various that it 
is impossible to attempt a solution in this Paper. 


(5) EFFECT OF ANGLE We IMPACT ON ABRASION 


The angle between the axis of the nozzle and 
the surface of the article cleaned is called the 
angle of impact. Working under conditions as 
outlined for experiment 1, as to pressure, etc., 
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but with various abrasives and materials, abra- 
sion rates were measured for various angles of 
impact (abrasive flow rate being arbitrarily 
chosen in each case). The results are plotted in 


| Fig, .; 


Using 24 Angular Steel Grit. 


_ (a) On C.R.C.A. plate, the less the angle of 
impact the greater the abrasion rate—the latter 
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being 3.55 grammes per min, at 30 deg. and only 
1.65 grammes per min. at 90 deg., 7.e., more 
than twice as much. 

(b) On Grey Cast Iron.—tIn this case the abra- 
sion rate increases as the angle of impact is 
decreased from 90 deg. to 50 deg., but thereafter 
decreases. 


Using 24 Round Steel Shot. 


(a) On Grey Cast Iron.—Again it was found that 
the abrasion rate increases as the angle of impact 
is decreased from 90 deg. to 60 deg., but then 
decreases. 

Thus in practice, the nozzle should be_ held 
obliquely to the work—say, at about 45 deg..—and 
not perpendicularly to it. 
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(6) EFFECT OF DISTANCE BETWEEN NOZZLE TIP 
AND ARTICLE TO BE BLASTED. 


Working under the standard conditions Fig. 6 
shows that from 8 in. to 16 in. distance between 
nozzle tip and work there is very little change 
in the abrasion rate. Bringing the nozzle closer 
than 8 in. to the work results in a rapid slowing 
up of abrasion rate. This, however, only occurs 
appreciably with a stationary nozzle. If the 
latter is moved about over the work, the abrasion 
rate remains approximately constant. Hence 
under working conditions roughly the same 
amount of material is removed per minute, 
irrespective of the distance between nozzle and 
work. But the cleaned area increases with 
increasing distance, the cleaning not being so 
intense when the area is large. The position of 
the nozzle relative to the work, for greatest 
efficiency depends therefore on the nature of the 
work. If the article is cleaned with difficulty, 
the nozzle should be close to the work. If with 
ease, the nozzle can be further from the job, and 
the abrasive be allowed to spread., 


(7) LIFE OF ABRASIVE. 


At each impact a certain percentage of abrasive 
is pulverised and is taken away as dust to the 
fan. Sand is very quickly pulverised, and in 
consequence a large amount of dust is generated. 
Thus, of 43 lbs. of Leighton Buzzard sand, the 
weights collected after successive impacts at 
15 lbs. per sq. in. on steel, were 37, 32, 29 and 
25 lbs., 2.e., in four impacts, 41 per cent. of the 
original sand had disappeared to fan as dust— 
the up-current of air moving at about 160 ft. 
per min. Of the remaining 26 lbs., 18 lbs. would 
pass a 32 mesh sieve, and 63 lbs. a 25 mesh sieve. 
The original sand would not pass a 382 mesh. 
Despite the rapidity with which it is broken, sand 
is still used—giving in some cases a desirable 
finish and being cheap in first cost. 

A No. 24 steel grit was tested, and from 30 lbs. 
it was possible to recover 29 Ibs. after ten 
impacts, at 15 lbs. per sq. in., 2.e., one-third of 
1 per cent, disappears per impact. Despite its 
comparatively high initial cost, it is probably 
cheaper than sand in the long run. The dust 
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nuisance is much less and the steel is the more 
efficient abrasive. In practice with a steel 
abrasive, it is probable that more loss occurs due 
to imperfect reclamation than to pulverisation. 


(8) EFFECT OF CHANGE OF ABRASIVE ON ABRASION 
RATE AND BLASTING EFFICIENCY. 


Pressure System.—Conditions of the test were 
as for test 1 with regulating valve set to give 
various flow rates. The greatest abrasion rates 
for four steel abrasives working on steel and two 
abrasives working on cast iron are shown in 
Fig. 7. It will be seen that the angular abra- 
sives clean very much more quickly than do the 
round abrasiyves—particularly when working on 
steel—_and that the larger abrasives clean some- 
what more quickly than the smaller. 

Fig. 8 shows that roughly the same thing may 
be said as regards maximum blasting efficiency. 
At maximum abrasion rates there is a slight 
saving in air consumption when using the smaller 
abrasives. In practice, therefore, it pays to use 
an angular steel grit. A dine grit, while being 
slightly less efficient, gives a much nicer finish. 
Results for sand have not been plotted—chiefly 
because the abrasive varies so. much. Speaking 
roughly, it can be said that using new Leighton 
Buzzard sand, results are obtained intermediate 
between those obtaining for steel shot and grit. 

Suction System.—In this system the air con- 
sumption is practically constant, whatever the 
abrasive used, since pressure air is always dis- 
charged into the mixing chamber, through an air 
nipple which is not reduced in effective area by 
abrasive. 

Results show that a coarse steel grit is the 
most efficient abrasive, and in general results as 
regards abrasives are roughly as with the pres- 
sure system. 


(9) EFFECT OF WEAR ON NOZZLES. 


Pressure System.—As the nozzle wears to a 
greater diameter, one of two things will happen: 
(a) If the plant is taking all the available pres- 
sure air with a new and therefore small nozzle, 
then the pressure will drop as the nozzle wears, 
with consequent decrease in power consumed, but 
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with an approximately similar decrease in abra- 
sion rate. (b) If the compressor is sufficiently 
big to keep up the pressure, then more air is 
being taken as the nozzle wears, with consequent 
increase of power consumption; and since the 
blasting efficiency will remain approximately 
constant, the abrasion rate will increase with the 
increased power consumption. That is, if, as the 
nozzle wears, the pressure drops, cleaning will 
probably be slower: while if the pressure remains 
steady, cleaning will probably be quicker. In 
either case it will be advisable to regulate the 
sand control valves to get maximum efficiency. 
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BLASTING HPFICENCY 


Suction System.—As previously stated, the air 
regulating nozzle does not wear. Consequently 
receiver air pressure and power consumption 
remain constant. The discharge nozzle wears 
however, with consequent slight alteration of 
conditions in the mixing chamber, but generally 
it is not necessary to regulate the sand control 
valve. The blasting efficiency and abrasion rate 
do not change appreciably over the practical 
range of wear in a well-designed plant. 

Nozzles are usually made of a hard cast iron, 
but gas piping is not infrequently used. 


(10) FINISH OBTAINED ON CAST IRON CASTINGS. 


Roughly, it may be said that the finish obtained 
on a sample of cast iron cleaned under standard 
conditions, but using different abrasives, is with 
(1) Fine steel grit, a bright silver grey; (2) 
coarse steel grit, a’ bright silver grey, but coarse 
finish; (3) fine steel shot, dull, but fine finish; (4) 
coarse steel shot, dull and coarse finish; and (5) 
sand, not quite so bright as with fine steel grit. 
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‘The notes so far given have dealt with the 
working of the sand-blast unit itself. The pres- 
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‘sure air fed to the unit should be dry, or there 
will be a tendency for the abrasive to clog at the 
valves. If a large receiver or if a long pipe line 
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is in use, the air is usually cooled sufficiently to 
condense the moisture which must be trapped. 
In any case it is wise when shutting down a 
plant at the end of a day to close off the sand 
regulating valve and clear the hose by blowing 
through pressure air. It will be of interest now 
to consider a few complete sand blast plants, 
illustrating some of the applications of the 
process. . 
Chambers. 


These are general purpose plants. In 
general they are used for cleaning the larger 
articles—such as locomotive cylinders, baths or 
a steel side-car frame. They are built to suit any 
set of conditions. Thus for heavy work, a run- 
way may be provided. Usually one side at least 
consists of a vertically sliding door, the weight 
of which is balanced. A separate compartment 
may be provided for the operator separated from 
the actual chamber by a horizontally sliding door, 
in which case he is protected from much of the 
rebounding abrasives, while the fan _ suction 
creates a fairly high air velocity through the 
narrow opening of the doors and so keeps him 
more free from dust. But he should be provided 
with helmet and gloves. With a power-driven 
grid turntable in the chamber, controlled by a. 
foot clutch in the operator’s compartment, work 
placed on the table can be brought within range 
of the nozzle. With much large work, however, 
it is necessary for the operator to be inside the 
chamber, in which case also he must be provided 
with protective helmet and gloves. 

For work such as, say, gas cookers, a small 
chamber may be built, with a vertically sliding 
door, provided with a window through which the 
work can be viewed, and a split rubber curtain 
through which the nozzle is controlled. 


Chambers can be used in conjunction with either 
the pressure or the suction system. The abrasive 
may be collected mechanically as already 
described, or it may be collected pneumatically. 
In the latter case, the abrasive, etc., falls down 
the sloping foundation into a pipe through which 
air is being sucked by a fan. This air carries the 
abrasive, tailings, etc., to a separator from which 
clean abrasive is delivered to the container. 
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A yacuum of 4 in. of water is sufficient to 
elevate the shot to the separator, and the air of 
the chamber should be cleared at least four times 
a minute. It is perhaps better to specify that the 
mean vertical velocity of suction air reckoned 
over the full floor area should be at least 40 ft. 
per min. per sq. ft. of area. 


Cabinets. 


A cabinet is generally used for smaller work 
than a chamber, and as a rule its working level - 
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is above ground. The nozzle may be fixed, in 
which case the operator stands or sits outside, 
puts his hands, which are protected by guantlets 
or rubber gloves, through arm holes and passes 
the work as required, under the nozzle discharge. 
He sees the work through a window. Entrance 
to the cabinet is through a swinging door which 
frequently carries the arm holes and window. 
The fixed nozzle type is suitable only for light 
work. Control of the operation, i.e., starting and 
stopping blasting, etc., should preferably be by 
single lever, operated from the working position. 

With a portable nozzle, larger work may be 
handled—a runway being provided if necessary— 
and the nozzle may be either connected by flexible 
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hose to a junction inside the cabinet or a longer 
hose may be taken through split rubber curtains 
or through the armholes. - Ease of handling both 
nozzle and casting is important. The abrasive, 
etc., fall through a grid on to a sieve, below which 
cleaned abrasive is collected ready for re-use. Both 
suction and direct pressure may be used, and in 
either case the plant is generally placed_imme- 
diately below the sieve and above ground level. 


Dust is usually sucked away from the top of the | 


chamber. 

A cabinet plant is again a general-purpose plant 
within the limits of its size. The collection of 
‘abrasive is automatic, the plant is simple and 
compact. Tho operator stands outside the cabinet, 
from which no dust can escape. 


Lighting of both cabinets and chambers may be 
daylight through glass sides and top, or electric 
light through a glass top. The electric light is 
sometimes inside. Care must then be taken of 
the bulbs. 


Sand Blast Tumbling Barrels. 


These consist essentially of a closed barrel, 
through the one or both ends of which projects a 
sand blast nozzle. The barrel is supported on and 
driven by rollers. 

In one form the barrel, rollers, etc., are enclosed 
in a casing provided with a sliding door, dust 
being sucked from the top or bottom of the casing, 
while the abrasive, after being discharged on to 
the contents of the barrel, falls through perfora- 
tions in the latter and slides down a chute to be 
collected pneumatically or mechanically as the 
case may be. The perforated barrel is provided 
with « door usually on the cylindrical surface, 
through which the barrel is charged. 


In another form the nozzle projects through the 
end as before, but the perforated barrel is sur- 
rounded by a solid taper barrel which collects the 
abrasive, conveys it to one end, where it is col- 
lected in an annular passage, and delivered from 
there to a hollow trunnion. From this point it 
may be delivered over enclosed screens to the sand- 
blast plant ready for re-use, connection to the fan 
being made from the delivery end of the machine. 
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hese machines may be worked with either pres- 
sure or suction system. For barrels, small com- 
pact work is the usual run, but long drop stamp 
ings can be cleaned, and even long and somewhat 
delicate textile castings have been successfully 
treated. Malleable iron in the hard condition 
can be barrelled without cracks developing later. 
Brass valves and cocks are cleaned, the cores being 
removed in the process. Sand-blast barrels do 
not rattle castings so drastically as do tumbling 
barrels. 
Rotary Table Machines. 


A machine typical of these consists of a gridded 
table rotating under power, half of the table 
always being inside a casing, through the top of 
which project the nozzles. The front of the casing 
usually consists of a split-rubber curtain, which 
runs diametrically across the table. In operation 
the castings to be cleaned are placed on the front, 
i.e., open half of the table. This rotates, and the 
castings are carried into the casing and are sub- 
jected to sand blasting. 

The nozzles rotate about an axis eccentric and 
inclined to their own axis, and by suitably propor- 
tioning their speed and the speed of the table 
approximately uniform cleaning can be obtained. 
Spent abrasive is collected and delivered to an 
elevator at the back of the machine, from where 
it is delivered to a container ready for re-use. 
The cleaned castings are brought out through the 
curtain by the rotating table, and can be removed 
by the operator or allowed to go round again if 
they are not completely cleaned. Gravity feed 
nozzles can be conveniently used on this plant, 
as rotation of the | nozzles can be easily 
arranged; but direct-pressure and suction plants 
are made. Fairly open work is in general most 
suitable, such as stove fronts, gear wheels, pulleys, 
etc. Other special-purpose machines are made, 
but are not in great demand. 


Dust Extraction and Separation. 


Recently Home Office regulations have come into 
force with regard to sand blasting. These may be 
summarised as follow:—(1) Sand blasting shall 
be done only in an enclosed chamber used for no 
other work, and provided with means to prevent 
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the escape of dust from the chamber ; (2) no 
person shall be allowed to work in a chamber, or 
within 30 ft. of a sand-blast nozzle in the open 
air, while sand blasting is in progress without 
being suitably protected by helmet, gloves, etc. ; 
(3) all persons working within the above limits 
must be provided with suitable protective devices ; 
and (4) all ventilating plant used must be tested 
completely once every six months. 

With regard to the plants described, the opera- 
tor must be protected as described above when 
working inside a chamber, but with chambers, 
cabinets, barrels and rotary tables where the 
operator works outside, no helmet is necessary, so 
long as dust is’ prevented from getting outside 
the plant. This condition is obtained as described 
by connecting the plant. by pipes from 4 to 20 in. 
dia. to a fan. 

With cabinets, etc., it is necessary that doors 
be a good fit. Where possible, it is, in fact, pre- 
ferable to make these seal, and rely for air admis- 
sion on special ports protected to prevent rebound 
sand escaping. 

The suction head will vary with conditions. The 
essential thing is that the air velocity at any port 
open to atmosphere shall be sufficient to keep dust 
from escaping. With properly designed ports and 
ducts, 3 in. of water at the fan will probably be 
adequate. 

The dust sucked away from the plant must not 
be discharged direct to atmosphere. Usually a 
separator is placed between plant and fan. This 
may be of the cyclone type, which consists essen- 
tially of a cylinder closed at the top, provided 
with an inner cylindrical baffle and contained by 
a cone at the bottom. Air enters at the periphery 
near the top, and dust, etc., falls to the bottom, 
the cleaned air being taken away from the top. 
Very fine dust settles in a water tank. 

In a different type the air is forced to take a 
spiral path inside a cylinder which has a number 
of fine longitudinal slots in it. The dust passes 
through these slots owing to contrifugal action, 
and is collected in an outer casing, while the air 
is drawn away through a central tube to the fan. 
The final discharge from this, as previously men- 
tioned, is made via a water tank. 
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It is not easy to rid the air completely of all 
very fine dust, but the above plant gives good 
practical results. If the final discharge can be 
made into a high and large chimney, this is 
perhaps as effective as anything. 
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Protection of Operator. 


For work in the chamber the operator must be 
provided with helmet and gloves, and overalls or 
an apron. Helmets may be made of leather, or 
an aluminium spinning may be used. <A renew- 
able window is provided, and air is fed through an 
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adjustable valve to a distributor at the top by 
means of a rubber pipe. Expired breath escapes 
via the neck band. The pressure on the helmet 
being slightly greater than atmospheric, dust 
cannot reach the operator. The gloves are leather, 
and are armoured, or may be made of rubber. 
These are used also for work in a cabinet. 


Other Aids to Fettling. 


As regards the removal of scale, adherent sand, 
etc., sand blasting provides an efficient means and 
gives a good finish. There are other means ayail- 
able for removing sand. Castings may be hand-_ 
brushed, and with a certain class of work, where 
the area is large, the surface smooth, and the sand 
lightly attached—where, in fact, the sand may be 
blown off—it is questionable whether sand blasting 
affords a sufficiently great economy in time to pay 
for the necessary plant—unless it is desirable to 
get to virgin metal. 


Core Remover. 


A little instrument which was exhibited at the 
Diisseldorf Exhibition might prove ‘useful for 
removing cores. It consists of a flexible spindle 
which is caused to vibrate by being continously 
tapped by a vibrator. The article is placed over 
it while the spindle is vibrating, and this removes 
the core. The spindle may be shaped. Both of 
these operations may be performed on a gridded 
table cased in below to collect chippings, ete., while 


’ the dust is drawn away by a fan through a pipe 


running the full length of the table. Such a table 
may be built at floor level, a pit being made as 
collector. 


Tumbling Barrels. 


Barrels may be used without sand blasting. 
They may be round, hexagonal or square in sec- 
tion, and are built from 1 ft. to 5 ft. diameter. 
Dust may be extracted through a hollow trunnion 
at one end, or the barrel may be enclosed in a 
cabinet from which the dust is sucked. Hard iron 
stars may be loaded with the castings. The finish 
obtained is quite different from that obtained by 
sand blasting. The tumbling is generally more 
severe than in a sand-blast tumbling barrel and 
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goes on for a longer time, with the consequence 
that edges become more rounded. The surface is, 
as it were, scraped, but virgin metal is not 
uniformly exposed. Whereas a charge in a sand- 
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blast barrel might be cleaned in an average time 
of 15 minutes, the average time for a simple 
tumbling barrel might be 40 minutes or an hour. 
Barrels are sometimes packed with leather to 
reduce shock and possibilities of breakage, 
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Git Cutters. 


These are power machines, usually mechanically 
operated, and consist essentially of a pair of 
cutters set in a rigid frame and arranged to exert 
great pressure in approaching each other. 


Grinding Machines. 


These are in very general use. Where the cast- 
ings are comparatively small, stationary grinders 
are used. ra 

Adequate guarding against the possibility of 
wheel fracture must be provided, and all dust must 
be intercepted and removed. This is done by the 
provision of a hood connected to a pipe leading to 
a fan. Again, Home Office Regulations have to 
be met. 

Where large work has to be dealt with swing 
grinders are used. These consist of a light frame 
on which is supported an abrasive wheel, usually 
motor-driven. The frame is pivotally supported, 
and can swing about vertical and horizontal axes, 
so that the wheel can be guided over its work. 


Conclusion. 


All the machines described have their proper 
uses. Of sand blasting it may be said:—(1) It will 
remove scale, rust, etc., and it gives a surface 
which is particularly suitable for painting, 
enamelling, lacquering, etc. In this connection it 
has been found that enamel, etc., adheres better 
than to the non-sand-blasted article, and gives a 
uniform covering of more pleasing appearance. 
Less paint, etc., is required to give the requisite 
film, while if the coating is applied soon after 
~ sand blasting it has a longer life, as no oxidation 
occurs. (2) Fused sand and embedded particles 
are removed from the skin, with consequent 
increase in life of tools in the machine shop. In 
many instances this factor alone makes a sand- 
blast installation a paying proposition. (3) Dust 
from cores, etc., can be readily removed without 
spreading over the foundry; and (4) it is a much 
less dirty and inconvenient process than pickling, 
and less costly. 

Simple tumbling will do much to remove cores 
and knock off sand, but it will not give a sand- 
blast finish, The core remover would be useful 
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for some castings, but is generally slower than 
barrelling. Pneumatic chippers, git cutters and 
grinders help to reduce the time of fetthng. It 
is certain that foundries generally are installing 
more mechanical equipment, and not the least 
important part of this consists of sand-blast plant. 

The author desires to express his thanks to 
J. W. Jackman & Company, for slides and 
information; and for facilities for making, and 
permission to publish the results of, the experi- 
ments described in this paper, and to The 
Tilghman Sand Blast Company for certain dia- 
grams and information, 
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A GLIMPSE INTOJA NON-FERROUS FOUNDRY. 
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By J. D. Frame: 
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A lecture on this, world-wide subject at any 
time seems interesting either from a_ historical 
point of view or from a study point of view. In 
order to mark the progressive steps of man, his 
early history has been divided into three periods, 
each being named after the materials chiefly used 
in them for supplying weapons, tools and orna- 
ments. Thus there is the Stone Age, the Bronze 
Age, and the Iron Age. A similar development 
has been going on for some considerable time past 
with regard to bronze, but inasmuch as no class- 
term has ben invented in these very inventive 
times for the new variations of that most ancient 
and useful alloy, it is difficult to designate this 
fifth age by a new title, and so one must be con- 
~ tent to consider it as a revival of the Bronze Age 
in a more advanced and more highly-developed 
form. 
, As the Stone Age, however, was divided into 
two parts, namely, the old Stone Age, when men 
simply chipped stones, and the new Stone Age, 
when they learned to grind and polish them, so 
perhaps 1b may be permissible to consider the 
present as the Newer Bronze Age. Nor is it 
altogether inapt so to consider it when there are 
many varieties of bronze which have been 
produced within the last forty years, possessing 
very distinctive features from the ancient alloys, 
and some very remarkable qualities as compared 
with them, and very numerous are the purposes 
to which these qualities are applied, superseding 
as they do in many instances iron, and even steel 
itself. These considerations and the knowledge 
of the great value of these alloys to the present- 
day engineers have been the means of some of 
their greatest achievements in modern engineering. 

That metals are capable of uniting with each 
other to form a series of bodies having more or 
less the properties of their constituents has long 
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been known, and probably this knowledge has 
been usefully applied from remote antiquity. The 
Ancients were acquainted with seven metals—gold, 
silver, mercury, copper, tin and lead. They knew 
and employed various compounds of antimony, 
arsenic, and zinc, although we have no evidence 
that these metals were known to them in the 
metallic state. Gold and silver, which occur in 
nature in the metallic state, were probably the 
first metals with which man became acquainted, 
and as other metals were discovered, especially 
copper, efforts would doubtless be made to alloy 
the base metal with*gold, in consequence of the 
comparative rarity of the latter. 


Iron, in meteoric form, is a native alloy of iron, 
nickel, and small quantities of other elements, said 
to have been used by Esquimaux and other tribes 
for making knives and other weapons. Copper 
is also occasionally found native, and to persons 
accustomed to melt the precious metals, they had 
no difficulty in melting copper and alloying it 
with gold and silver. The Latin word ‘“‘ Aes”’ in 
ancient writings sometimes signifies copper. and 
sometimes brass, so the two metals are conse- 
quently confounded occasionally. Pliny, the his- 
torian of his time, says that copper was first dis- 
covered in Cyprus. The proper name for brass 
in those days was Aurichaleum, or golden copper, 
and it may be inferred. that ores of copper and 
zinc were sometimes melted together, forming 
brass, as the metal named zinc was probably un- 
known until the sixteenth century. Pliny 
describes four different varieties of what was 
known as Corinthian copper: (1) White in colour, 
it resembled silver in lustre, and contained an 
excess of silver; (2) red, in this kind there is an 
excess of gold; (3) in this kind gold, silver and 
copper are mixed in equal parts; and (4) this 
variety was termed Hepatison, having excess of 
copper, giving to it a liver colour, which gives 
it its value, 

Copper was used by the ancients for many of 
the purposes to which it is put by the moderns, 
but the art of making tempered articles in cupper 
—-such ag the ancients made—has been lost, and 
has baffled the efforts of scientists to regain this 
lost art for the last two,centuries. An American 
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is supposed to have found this ancient formula 
on a rubbish heap, but time will reveal the truth 
of this or otherwise. ‘The alloys of copper with 
tin were used in various proportions; thus bronze 
for statues were composed of 100 parts copper, 
124 tin; another mixture, 100 parts copper, 10 
parts lead, and 3 to 4 tin. The arms of these 
ancient warriors were often made of bronze which 
was rendered hard by a process of hammering, 
then heated and cooled slowly. 


Tin was in common use in the time of Moses. 
It was doubtless Phoenicians who supplied the 
EKeyptians with this metal, which the former ob- 
tained from the Scilly Isles and Cornwall. Cassi- 
terous or tin is mentioned by Homer in the time 
of Pliny as being used for coating the interior 
of copper and brass vessels.- Mercury was used 
by the Romans for alloying with gold and silver 
to form amalgams, which were used for gilding 
and plating as at the present time by laying the 
amalgam on the base metal and subsequently vola- 
tising the mercury with heat, leaving a thin coat- 
ing of precious metal on the article. Lead was 
well known to the ancient Egyptians and Arabians 
as well as the Romans. Large quantities of lead 
were obtained from Spain and Britain. Sheet 
lead and piping were used for similar purposes to 
those which are employed at the present time. A 
mixture of lead and tin was also used as solder. 
Iron was known in very early times, but in com- 
paratively small quantities, being obtained from 
meteoric stones or easily reducible oxide. Moses 
speaks of iron being used for swords, knives and 
axes, which seems to imply that steel was known 
at that early period. 


Homer represents warriors as armed with bronze 
swords and never as using iron weapons. Achilles 
proposes a ball of iron as a valuable prize to be 
contested for in the games, which showed its 
scarcity during that period. That the Romans 
were acquainted with the hardening and temper- 
ing of steel there is abundant evidence. Thus 
the ancients knew the six malleable metals and 
their alloys, but they left us scant information 
respecting the method of extracting them from 
their ores. It is probable that only those ores of 
a simple character, or those readily acted-on by 
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reducing agents-were employed, unless the appli- 
ances at their disposal and their general chemical 
knowledge were superior to what known facts war- 
rant us believing. It has to be admitted that 
modern science has to be thankful for even such 
knowledge as has been handed down by these early: 
-historians. 

That brass was known to the ancients is beyond 
dispute, but its direct preparation from copper 
and zine is an invention of modern times. With 
the exception of iron, there is no product of man’s 
industry that is earlier spoken of than brass, but 
the words thus used in all probability referred to 
bronze, an alloy of copper and tin. The brazen 
serpent in the wilderness, the brass vessels of 
Solomon’s temple, and the so-called brass armour 
of ancient Greece and Rome were all doubtless 
bronze, 

Bronzes of the Ancients. 


The bronzes of the ancients varied-considerably 
in the proportions of their ingredients, for in the 
main copper and tin only were used, according to 
the purposes for which they were intended. Thus 
modern chemical analysis shows that ancient 
bronze nails contained 20 parts copper, 1 tin; soft 
bronze consisted of 9 copper, 1 tin; medium 
bronze, 8 parts copper, 1 tin; hard bronze, 7 parts 
copper, 1 tin; and mirrors, 2 parts copper, 1 tin. 
The bronze weapons and tools of the ancients con- 
tained from 8 to 15 per cent. of tin. A Roman 
sword-blade found in the Thames showed 85.70 and 
10.02 tin, whilst another found in Ireland gave 
an analysis of 91.39 copper and 8.38 tin. The 
bronze weapons of the Greeks and Romans haye 
been found not only to be of the truest composi- 
tion for ensuring the greatest density for alloying 
itself, but the cutting edges, by undergoing a 
process of hammering, were brought up to the 
highest degree of hardness and tenacity. KHven 
to this day some of the finest steel is made in the 
simplest and audest manner by natives of the 
Belgian Congo, Egypt, and other countries. 

It is to be observed that most of the ancient 
coins were of bronze, a small percentage of zinc 
being added in some cases to improve the colour. 
According to analyses made by Mr. J. A. Phillips, 
the quantity of tin relative to copper varied very 
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slightly even over the range of 300 years. The 
following are the proportions of copper and tin 
(the other ingredients being omitted) :— 


B.C. Copper. Tin. 
Alexander the Great 335 86.72 13.14 


Philippus V 200 85.15 11.10 
Athens — 88.41 ~~ 9.95 
Ptolemy IX 70 84,21 15.59 
Pompey 538. 74,11 8.56 
The Atilla Family 45 68.72 4.77 


Augustus and Agrippa 30 75.58 12.91 


Bronze pure and simple consists of a mixture 
of copper and tin in certain proportions, accord- 
ing to the purpose for which the compound is 
intended. Other metals, such as zinc, lead, phos- 
phorus, manganese, silicon, may have been 
added without declassifying the product, which is 
still called bronze, provided that copper and tin 
are the chief constituents. The bronzes of France 
are known to contain nearly always four metals, 
namely, copper, tin, lead and zinc. It is also 
stated that some contain minute and variable 
quantities of nickel, arsenic, antimony and _ sul- 
phur. It is the addition to bronze, pure and 
simple, of certain proportions of one or other of 
the metallic substances previously referred to 
that constitute the modern development of bronze 
manufacture, which has given us some of the 
most useful and at the same time some of the 
most remarkable alloys known. These comprise 
no fewer than twelve distinct products, all of 
which find their uses in connection with the 
practice of engineering. These are as follow :— 
Phosphor bronze, silicon bronze, manganese 
bronze, delta metal, phosphor copper, phosphor 
manganese bronze, phosphor lead bronze, phos- 
phor tin, aluminium bronze, silveroid, cobalt 
bronze and vanadium bronze. 


Phosphorus and Copper Alloys. 

These alloys form the subjects for present-day 
consideration and investigation, each alloy func- 
tions in its own particular sphere. There are 
other bronzes which are used as substitutes for 
gold in cheap imitation jewellery, but they are 
in the main only variations of some of the 
bronzes. Attention was directed some years ago 
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to the use of phosphorus in improving the 
character of bronze for various purposes, and 
eventually with very successful results. The 
action of phosphorus on copper alloys is principally 
due to its reducing qualities, by virtue of which 
the oxygen absorbed by the molten metal is 
removed or rather the oxides thereby produced are 
eliminated, and there is imparted to the metal 
that degree of homogeneity, strength and tough- 
ness which is peculiar to the chemically pure metal. 
The phosphorus, in producing these effects, is 
converted into cuprous oxide, which floats-on the 
surface of the molten metal in the shape of a 
very fluid slag, whilst the superfluous quantity 
combines with the metal. ‘This being the case, it 
is not desirable to add to the bronze a larger 
quantity of phosphorus than will suffice to 
reduce the oxide present. It is thought by some 
that the phosphorus itself imparts to the bronze 
the qualities of hardness. and strength, and 
therefore the more phosphorus put into the 
metal, the better the results as regards hardness. 
This, however, is not the case inasmuch as 
hardness would be obtained at the expense of 
toughness. 

The question of producing the various qualities 
of this class of metal depends, not so much on 
the quantity of phosphorus, as upon the correct 
proportioning of the various ingredients, phos- 
phorus included. These alloys are formed by 
“the addition of a small proportion of a com- 
pound of phosphorus-copper or from phosphorus- 
tin. However, great care is required in deter- 
mining the exact proportions of the ingredients 
in making phosphorus-bronze alloys. A 15 per 
cent, phosphorus-copper to analysis is preferable. 
Phosphorus-tin, very often supplied, has too 
much lead alloyed with it, which makes it unsuit- 
able for certain alloys in this group; also, it is 
inclined to rise in little white patches on the top 
of the casting through oxidisation of the com- 
pound. Phosphor-bronze was invented by Dr. 
Kunzel, of Blasewitz, Dresden, and was brought 
into practical use in this country early in 1873 
by the Phosphor-Bronze Company, who have 
from time to time patented several improvements, 
both in respect to alloys and methods of manu- 
facture. Phosphorus-bronze alloys are composed 
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“of copper, - tin, phosphorus and other ingre- 
dients in definite proportions, and are made to 
be either as ductile as copper, as tough as iron, 


or as hard as steel, according as the proportions | 


of the constituents are varied. The alloys used 
for ‘rolling and drawing have very different pro- 
portions from those employed for castings, for 
bearings, and parts of machinery. The casting 
of the metal, owing to its greater fluidity when 
melted, is perfectly sound and homogeneous. 
Wherever strength, toughness, and durability 
are desired, phosphor-bronze is found to be far 
bettér adapted than gun-metal and brass, and 
in’many cases than iron-steel. With regard to 
the applications of phosphor-bronze, it. may truly 
be said that their name is legion. This remark 
applies in the main to most of the modern bronze 
alloys. Chief among their many applications is 
the manufacture of wire, rods, tubes, sheets, 
screw-propellers, pinions, slide valves, bearings, 
bushes, axle boxes and other parts of machinery 
exposed to friction. Phosphor-bronze possesses 
the advantage of not becoming crystalline under 
the action of repeated shocks and bends, and is 
therefore well adapted for making wire ropes, 
ete. : 


In the manufacture of castings from phosphor- 


bronze alloys, a new or clean plumbago crucible’ 


is desirable so as to avoid any admixture of other 
metals. It is best to place some small charcoal 
or char-dross in the bottom of the crucible, then 
add the copper. When this is thoroughly melted 
all charcoal or char-dross will rise to the top of 
the molten metal. Then remove the crucible 
from the furnace to the casting pit, where will 
be added the various ingredients. The charcoal 
or char-dross prevents oxidation, and should 
remain on the top of the molten metal until the 
casting temperature is. assured, then skim and 
cast. The casting temperature is 950 deg. C. A 
very good practical way of getting the tempera. 
ture is to blow with a pair of hand-bellows on 
the top of the molten metal. If ready for cast- 
ing, a skin will come and go through the cold 
air coming in. contact with the alloy. This 
indicates to the practical man that it is time for 
casting. For large castings, the moulds are 
thoroughly dried and dressed with a mixture of 
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plumbago and thin clay water. Small work is” 
cast green, and dressed with plumbago. These 
castings should come out with avery sharp and 
smooth surface, free from blowholes and oxide. 
In order to avoid segregation, it is necessary not 
to pour phosphor-bronze at too high a tempera- 
ture, and to see that the alloy is well stirred, or, 
in other words, thoroughly mixed before casting. 


Durability of the Metal. 


Having referred to the great durability of, 
phosphor-bronze under conditions of work, the 
author has made phosphor-bronze crosshead 
slippers to replace cast-iron slippers, which had 
only been in service three months when they were 
worn out. These’ same slippers have now been 
running four and a half years, and show little 
or no wear. Gun-metal slippers usually wear 
two years. A very interesting statement relat- 
ing to phosphor-bronze was made forty years 
ago. A pair of slide-valves which had been taken 
out of one of the North-Eastern Railway Com- 
pany’s express engines, after six and a half 
years’ working, during which the engine had 
run 261,182 miles between Newczastle and Hdin- 
burgh, they were taken out to replace the 
cylinders with a pair of a different type. The 
engine was of the following dimensions: cylin- 
ders 17-in. dia. by 24-in. stroke, four coupled 
wheels 7-ft. dia., working pressure 140 lbs. per 
sq. in.; weight of engine in working ‘trim, 39 tons 
16 cwts.; weight of tender, 26 tons 4 cwts. Mr. 
Fletcher, the Assistant Locomotive Superinten- 
dent of the North-Hastern Railway Company of 
that period, stated that the slide valves in six 
and a half years had only. worn down to the thick- 
ness at which they generally took out gun-metal 
slide valves, and that had it not been that they 
were putting in a pair of cylinders of a different 
type he certainly would have let them run longer, 
as he considered them quite safe, taking into 
consideration the great superiority of phosphor- 
bronze over gun-metal. The original thickness 
of these slidé valves was 1 in., and they were 
worn down to 4-in. thick. Gun-metal -slide- 
valves rarely exceed eight months’ work when they 
are worn out. The cylinder faces were in excel- 
Jent condition, the wearing being. as it should 
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be on the valves. Even to this day the locomo- 
tives of the L.N.E.R. Company, which have slide- 
valves, have them all made ot phosphor-bronze. 
The composition is 86.5 copper, 13.0 tin and 
0.5 per cent. phosphorus. 

Some bearings which were giving considerable 
trouble in a rolling mill had bushes made of gun- 
metal which only lasted about five weeks before 
scapping. After replacement by  phosphor- 
bronze the bearings have now been running 
eight months without complaint. Undoubtedly 
phosphor-bronze seems neglected by the con- 
sulting engineer or designer. They have proved 
to those engineers who have tried and experi- 
mented with these alloys to have been of great 
service and value to them in some of the great 
triumphs of engineering, which otherwise would 
have been complete failures. The beneficial effect 
of phosphorus on copper consists mainly in pro- 
ducing a material of definite closeness and of the 
highest possible degree of toughness and elas- 
ticity. These excellent qualities must not be 
attributed alone to phosphorus in the metal or 
only in a secondary degree, but are owing chiefly 
to the absence of oxygen, which by the energetic 
reducing action of the phosphorus is entirely 
eliminated. 

Copper forms with other metals a series of alloys 
far more numerous and important than that of 
any other metal. This may be accounted for by 
its red colour, high malleability, ductility, tough- 
ness and softness, and tenacity, which properties 
it imparts in a great measure to many of its alloys, 
when united with metals opposite to it in char- 
acter. The very properties which make copper so 
useful are sometimes a disadvantage for certain 
purposes; for instance, the toughness and close- 
ness of grain makes it more difficult to turn in a 
lathe than brass and its softness makes it unfit 
to be used alone for making castings subjected to 
great wear and strain. In the vast majority of 
cases in which pure copper is used, it has to be 
melted and cast into moulds of various kinds in 
order to prepare it for further treatment. The 
difficulties in producing sound castings are so great 
that it can only be successfully manipulated in the 
hands of very skilled and experienced workmen. 
Great attention has been directed to this subject 
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of late years in consequence of the demand for 
solid drawn tubes, rollers, etc., and different 
physics have been added to the copper in melting 
with a view to overcoming the inherent defects. 


Modern practice in producing gun-metal cast- 
ings has resulted in the exclusive use of copper and 
tin. They should be very tenacious, with sufficient 
hardness and elasticity to resist distortion. They 
are indifferent to ordinary chemical influences, 
While the addition of a third metal may be useful 
in strengthening one particular property, it may 
be injurious to the required properties taken as 
a whole. The addition of a little phosphorus. is 
very useful to this alloy as a deoxidiser and puri- 
fier. Zinc is used in the manufacture of copper- 
tin alloys for bearing purposes, but this has to be 
used carefully, so that it will not deteriorate the 
wearing properties of these alloys, for if in excess 
the bearing wears very quickly; from 1.5 to 2 per 
cent. is ample as a deoxidising agent, and should 
not be exceeded. 

These personal observations are purely practical, 
but in this field the author is one of many foundry- 
men who would welcome more definite and sus- 
tained co-operation in its investigations into the 
gun-metal alloys for bearings. One can solicit very 
little information from modern text-books, and 
upon such a complex problem opinions are divided. 
If this co-operation were sustained, foundrymen 
would obtain a higher state of efficiency in the 
gun-metal alloys. The standard alloy of 88 copper, 
10 tin, and 2 zinc is only on the fringe of more 
complex alloys in the higher tin groups. 

The analysis of the gases obtained by heating 
pure copper resemble that of the gas obtained 
from the copper-tin alloy, and this suggests that 
the gases which cause unsoundness in gun-metal 
are actually in the copper group. The volume of 
gases is also about the same, and when once in the 
metal it is almost impossible to extract them, 
Zine and tin act as deoxidising agents to copper, 
and thus reduce the cuprous oxide and become 
themselves oxidised in the process. Zine oxide 
comes to the top, and is skimmed off with the tin 
oxides. _Cuprous oxide, on the other hand, is 
soluble in molten copper, and only separates after 
the alloy commences to solidify. This gas only 
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attacks the delta constituent, the alpha being 
impervious to gas holes. Alpha and delta being 
the structure of high-tin alloys, we find the alpha 
constituent solidifying first. This probably 
causes the gas to be driven from the alpha 
constituent into the delta constituent, and on 


solidification the gas escapes, leaving local cavi- . 


ties where the metal is farthest away from quick 
solidification. . If founders could solidify gun- 
metal castings as rapidly as the chilled ingots, 
they would minimise this escape of gas, and as a 
result we would have, as near as possible, a homo- 
geneous casting. 


In the design for large gun-metal castings, such 
as Fig. 1, much assistance towards a “‘ sound 
job’ would be given by uniformity of sections— 
variations of thickness do not help foundrymen, 
and are the root cause of many flaws in the gun- 
metal group. The outlined metal flaws are wholly 
accounted for by the varied times of freezing ; even 
in an ingot or chilled test pieces there are varia- 
tions not so pronounced, however, as in castings. 
Gas holes being the premier trouble in gun-metal, 
should not be confused with other gases so 
numerous and of different origin from the gas 
escaping during solidification of the metals. For 
example: (1) Water gas (steam) due to moisture 
in the moulding sand which can be eliminated ; 
(2) gases from the various cores, and if they 
have no free exit during casting, there will be 
serious segregation, and also serious blow-holes 
appearing through the body of the metal; (3) 
sands, which on contact with the metals become 
glass, and form oxides; (4) opinion is that oxygen 
gases play a considerable part in the cause of 
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unsoundness in gun-metal castings. It is. thought 


if it were permissible to use a strong deoxidising 
agent before casting, it would help to eliminate 
the gases from the crucible before casting. This, 
however, coupled with pursuits of the chilling 
methods and the necessary assistance of the 
designer in the uniformity of sections previously 
stressed, will help to solve this serious problem. 
In comparison with the steel group, one cannot 
adapt normalising towards gun-metal bearings. 
Any attempt in this direction. destroys their 
vital composition. If the normalising process be 
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applied to axle box or slide valves, by treating them 
in a temperature of 700 deg. C. for half an hour, 
then the result is to bring the whole of the delta 
into one alpha solution. In effect, it increases _ 
ductility and malleability only, and gives a 
stronger metal, but it is at the cost of the 
durability of the initial structure, viz., as a bear- 
ing metal, which is the distinct property of the 
delta constituent; it has meant the sacrifice of 
an essential factor. It is obvious that this must 
not be sacrificed; as would happen in any attempt 
at normalisation. Recent practical tests on modern 
locomotive slide valves confirm this, and prove con- 
clusively that any such treatment was abortive as 
applied to non-ferrous alloys when a bearing metal 
was desired. 

The tensile test for high tin alloys is not exactly 
what it should be, and a _ load test or 
Brinell test for hardness would be of more value 
for this class of material. The reason for this 
opinion is the uneven distribution of the delta 
structure. Temperatures have been very often 
discussed, and it is thought that there is no con- 
stant in casting temperatures, but they must vary 
with weight of the casting. 

It is stated that some of the ancient bronzes 
have been found on analysis to contain a small 
percentage of iron, but it does not appear that 
any traces of manganese have ever been dis- 
covered. It is thought probable that the ancients 
knew that the addition of iron to bronze would 
increase its hardness, and introduced it for that 
purpose. 


Iron, Manganese and Brass Alloys. 


Inventors have proposed combinations of iron 
with brass alloys, and some have also introduced 
manganese by reducing the black oxide of man- 
ganese and combining it with the copper. How- 
ever, none of these alloys appears to have been 
brought into permanent practical use. It is more 
than a hundred and fifty years since James Keir 
proposed an alloy—100 parts copper, 75 parts zinc 
and 10 parts iron—and in later years, Sir John 
Anderson, when superintendent of the Royal Gun 
Factories, carried out a number of experiments 
with similar alloys, and with some very good re- 
sults, but none of them appears to have been used 
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consistently commercially. The addition of iron 
unquestionably increases the strength and hard- 
ness of these alloys, but according to some ex- 
periments made a few years later by, Mr. P. M. 
Parsons, they would appear to acquire these quali- 
ties at the expense of ductility and toughness, and 
it is probably on this account that this class of 
alloys had not come into general use up to the 
time of Mr. Parsons’ experiments. Mr. Alex. 
Parks, and Mr. J. D. Morris Stirling, both emi- 
nent metallurgists, appear to have been the first 
to propose and carry into practice, the use of 
manganese. Mr. Parks combined manganese alone 
with copper, and used this alloy to form improved 
alloys of brass and yellow metal of which to make 
sheathing, wire, nails, and tubes. Mr. Stirling, 
in 1848, proposed to use manganese in various 
alloys in which iron was present. At first, he com- 
bined about 7 per cent. of iron with zine, and 
added to the copper a small percentage of man- 
ganese, by reducing the black oxide of manganese 
with the copper in the presence of carbonaceous 
materials, and then added to it the requisite quan- 
tity of the iron and zinc alloy to make the im- 
proved brass required. Mr. Stirling’s idea was to 
combine the iron with the zinc by fusion, but in 
practice, he found a more ready means of procur- 
ing the zinc and iron alloy by employing the de- 
posit found at the bottom of tanks containing the 
melted zine for galvanising iron articles. This 
product consists of zine with from 4 to 6 per cent. 
of iron, but this percentage is very variable, and 
the results of its use, therefore, are in some cases 
unreliable. Probably metal made by this process _ 
was in use for some time for carriage bearings on 
the London & North Western and other railways, 
with very good results. It does not appear, how- 
ever, to have ever been introduced for any pur- 
poses where the requirements were great strength, 
hardness and ductility. 


Manganese Bronze. 


The time, however, arrived, namely, in 1876, 
when these requirements were met by the aid of 
manganese in the manganese bronze of Mr. P. M. 
Parsons. This alloy is prepared by mixing a small 
proportion of ferro-manganese with copper. The 
ferro-manganese is melted in a separate crucible 
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and is added to the copper when in the melted 
state. The manganese, in a metallic state, having 
a great affinity for oxygen, cleanses the copper of 
any oxides it may contain by combining with 
them and rising to the surface in the form of slag, 
which renders the metal dense and homogeneous. 
According to Mr. Parsons, a portion of the man- 
ganese is utilised in this manner, and the re- 
mainder with the iron becomes permanently com- 
bined with copper, and plays an important part in 
improving and modifying the quality of the bronze 
and brass alloys prepared from the copper thus 
treated. The effect is to increase greatly their 
strength, hardness and toughness, the degrees of 
all of which can be modified according to the 
quality of ferro-manganese used and the propor- 
tion of iron and manganese it contains. It will 
thus be seen that this method of making man- 
ganese bronze is altogether different both in prin- 
ciple and effect from the inventions of either Mr. 
Parks or Mr. Stirling. 

Another point of importance. is the nicety with 
which ‘the iron and manganese can be adjusted, 
and their effect controlled by adding the ferro- 
manganese to the copper as pursued in the manu- 
facture of manganese bronze, The amount of 
manganese required for deoxidising the copper 
and for permanent combination with it being 
well known by experience it is found that very 
slight variations in quantity have a perceptible 
and ascertained effect in modifying the qualities 
of the alloys produced, the toughness can be in- 
creased and the hardness diminished, or vice 
versa at will. In preparing the ferro-manganese 
for use, Mr. Parsons prefers that which is rich 
in manganese containing from 50 to 60 per cent. 
This is melted with a certain proportion of the 
best iron scrap so as to bring down the man- 
ganese to the various proportions required, at 
the same time any silicon it contains is reduced 
and the metal refined. About four qualities of 
ferro-manganese are made in practice, containing 
from about 10 to 40 per cent. metallic manganese. 
The author has been manufacturing manganese 
bronze for the last nineteen years under — these 
principles, and has found them very successful. 
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During the war many drop stampings were made. 
A great number of these alloys forge like mild 
steel, but care has to be taken not to overheat 
the bronze, for at high temperatures it will powder 
away. About 500 deg. C. is the correct tempera- 
ture for forging and stamping. Hot working and 
rolling improve these alloys considerably, and it 
is recommended where possible to forge the 
material. 

Manganese-bronze castings should always be 
studied from a productive point of view, as only 
the most expert founder can be successful where 
these alloys are concerned. Standards of thick- 
nesses should be kept as uniform as possible, for 
in the solidifying of these alloys great contraction 
takes place and cracks and segregation are not 
uncommon. Chilling methods have great and bene- 
ficial effect as far as sand castings are concerned, 
but these have to be carefully thought out. When 
casting, all gates should be immediately choked 
or filled to ensure clean castings; oxide or dross 
forms very rapidly when the metal comes in con- 
tact with the sand. The inlet gate should never 
exceed 2 in, in diameter, and a skim gate provided 
as an inlet to the casting, which will counteract 
the dross going into the casting with the first 
drop of metal. Head pressure varies with weight 
of casting. In the manufacture of these par- 
ticular alloys great care has to be exercised in 
the melting. It is the author’s. practice to make 
a ton at a time and remelt the ingots. This 
process gives the founder a fair idea of both 
composition and structure. If in the remelting, 
overheating takes place the zinc will oxidise 
freely, which will have a serious effect on the 
strength of the alloy. Alloys of this group 
should never be heated above 1,060 deg. C. and 
cast around 960 deg. C. Castings made under 
conditions outlined are ‘homogeneous after 
machining. Castings up to 5 cwts. have been 
made in green sand successfully under personal 
directions. Some of the most sucvessful main- 
line locomotives are running at the present time 
with manganese-bronze bearings weighing 44 ewts. 
each, and manufactured by the North British 
Locomotive Company. Glasgow. (Tig. 2.) These 
bearings stand considerable wear and pounding, 
which is one of the greatest virtues of manganese- 
bronze bearings for axle-boxes. . 
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Metallic packing should at no time be cast in 
sand moulds. The reason for this assertion is: 
that being cast in sand moulds it takes too long 
to arrive at the freezing point, with the result 
that the denser metal separates from the lighter 
alloy, and uneven distribution is clearly shown. 
In ‘the system of chilling a uniform structure 
throughout is got with no separation, a closer 
grain is obtained and all the particules are closely 
united, freezing point in many cases being instan- 
taneous, which is one of the vital points in 
counteracting the separation of the different 
metals which are used in its manufacture. 


White Metal for Bearing Purposes. 


The metals used for the compositions of the 
various alloys are copper, tin, lead, zinc and anti- 
mony, but seldom more than three of these are 
used in any alloy. With machinery running at 
high speeds or with great pressure, the bearing 
surfaces are subjected to considerable friction, 
and in many cases the object of the engineer is 
rather to reduce this friction to the lowest degree 
than provide a bearing which will stand greater 
pressure without wearing. The common practice 
at the present time is to make the foundation 
of ‘brass or of bronze, and to line the bearing sur- 
faces with a renewable lining of white metal. One 
great advantage of white-metal alloys is their 
low melting point. A worn-out ‘bearing can be 
readily melted out and replaced by a new one. 
Care should be exercised not to raise the metal to 
too high a temperature, as it causes the consti- 
“tuent metals to oxidise unequally, the volatile 
metals escape, and thus the composition is ¢on- 
siderably altered. White-metal bearings are in- 
dispensable for certain purposes, for example, 
where the shaft in the bearing does not run 
smoothly. If the bearing is made of hard metal, 
considerable friction is set up, and a struggle will 
take place between the axle and the bearing, the 
softer of the two being worn away, causing the 
axle to be pitted or corded. By the use of a soft 
white-metal lining the axle is not worn, but it 
adapts itself to the condition of the bearing and 
runs with much less friction. Great diversity of 
opinion regarding high-tin alloys and high-lead 
alloys exists, but a great deal depends on the load 
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which the bearing has to carry. This proves the 
usefulness of the alloys. For example, the truck 
axle-box bushes of the first Atlantic engines were 
lined with a high-tin alloy, and these bearings 
had to carry a heavy load. They gave consider- 
able trouble at first until a high-lead hearing was 
substituted, and to the present day they are run- 
ning on high-lead bearings. Zinc alloys of white 
metals have been very common, but they seem to 
have been discarded of late. They stand much 
heating, but this is at the expense of the axle, 
which in many cases becomes corded, and the axle 
has been’ known to give way in consequence. Some 
of these bearings actually have to be cut off the 
axle. When they become hot they do not fuse 
like a high-tin or a high-lead white metal and run 
out, but ‘become a black mass of oil and grit and 
decomposed metal. Therefore engineers through 
practice can adopt the alloys most suitable for 
their requirements. : 
The man who aspires to the formation of new 
alloys or wishes to produce metals suitable for 
different requirements as circumstances arise must 


be well acquainted with the nature and properties - 


of the simple metals in order to accomplish his 
object successfully, and although a knowledge of 
the components is not sufficient in itself, it is of 
advantage in assisting the operator who combines 
practical experience with theoretical knowledge 
in the mixing of metals. 


Foundry Furnaces. 

Furnaces, like a great many other parts of 
foundry equipment, have undergone considerable 
change, but still the author does not consider the 
tilting furnace an advantage in any way compared 


with a good hearth crucible furnace. The only- 


improved furnace type from which consistent 
results may be expected—as regard melting and 
suitability—for the casting of high tin and gun- 
metal alloys will be the electrical furnaces, a goodly 
number of which are working in America where 
electrical power is cheap. The advantages to be 
gained from electrical melting are:—(1)~ Prac- 
tical and desired temperatures can be obtained; 
(2) temperature can be controlled with accuracy; 
(3) introduction of impurities with fuel avoided: 
and (4) oxygen is not necessary in the furnace. 
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The drawback in installing electric furnaces 
is their initial cost and the high cost of electricity. 
Until electric power becomes cheaper the progress 
of this class of furnace will be hampered, but 
they will, it is thought, supersede all other types 
of furnace. In the manufacture of non-ferrous 
material much depends on the way it has been 
handled in the furnace. This is where a great 
deal of trouble lies, and without the aid and skill 


of highly-trained furnacemen who thoroughly 


Fic. 3.—CrucrsteE Menting PLANT AT THE 
Norra British Locomotive Company, 
Limitep, GLAsGow. 


understand the melting of the various metals 
one can anticipate failure and loss. Metal 
should at no time lie for a prolonged period when 
molten, as oxidation takes place very often and 
variation of composition is the result. 

The furnaces (Fig. 3) are natural draught 
and consist of a battery of twelve furnaces. 
They are built from the best refractory materials 
which must be able to withstand violent fluctua- 
tions of temperature. They melt steel, iron and 
manganese with little or no trouble. A crucible 
of alloy containing 240 Ibs. from a copper base 
can be melted and ready for casting in 1 hr. 
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10 mins., with a consumption of 56 Ibs. coke. 
By 240 ibs. of metal is not meant yellow brass 
but gun-metal. Copper only is melted in fur- 
naces as the author prefers to-do all mixing for 
gun-metals, phosphor-bronze, etc., on the hearth. 
When the foundry is in full working order the 
first six furnaces give five heats per day with no 
less melting capacity than 240 Ibs. per heat, the 
others giving four heats per day. 

Fig. 4 shows one of two reverberatory furnaces 
where is refined all_copper scrap from boiler fire- 


Fic. 4.—Parr or THe REVERBERATORY IF 'uR- 
NACE Puan't AT THE NortH BririsH Locomo- 
TIVE Company, Limitep, GLAscow. 


box plates, copper stays, etc. It is lined with the 
best Glenboig brick. These furnaces use forced 
draught with a small coal box for manufacturing 
gas. The gas passes over the bridge and is ignited 
with hot air which melts the metal; its capacity 
is one ton. Two heats are taken from this fur- 
nace in 4 hrs., which includes charging and 
pouring into ingot moulds. All manganese bronze 
alloys are made in these furnaces with very suc- 
cessful results. The coal consumption per heat 
figures out about 4 cwts. 1 qr. to 17.5 ewts. of 
metal melted. The fuel used for these furnaces 
is ‘‘ Baird’s best hard coke.’’ It may be a little 
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dearer to begin with but is economical. There is no — 
crusting or slagging round the bottom of the 
crucibles or furnaces as in the case of some brands 
of coke. Soft char is unsuitable for this class of 
work. Coal is used for the reverberatory furnace, 
and whilst splint is preferred, any class will do if 
carefully handled. 
Quality of the Casting. 


In every-day foundry practice castings are 
either rejected or accepted on the showing of — 
the tensile strengths and elongations of definite 
test-pieces from the castings produced. While 
this may be a valuable check against. the accept- 
ance of faulty or inferior workmanship, yet the 
microscope reveals unmistakably that the cause 
of the trouble in many cases is entirely due to 
irregular sections in the casting. The evolu- 
tion of the test-piece has been purely academic, 
and it can be demonstrated that in modern 
foundry practice no criterion exists of what a 
practical man would call a good job and suitable 
in every respect for their parts as engineering 
components. 

Test results arrived at in laboratories from 
test-pieces cast in small sections, say 6 in, long 
by § in, square, and, according to specified tests, 
may, in every respect, be acceptable, but if a 
test-piece is cut from a section of the same cast 
of material out of a casting bearing from 1} in. 
square to 8 in. square, it fails miserably under 
test without exception. These are the conditions 
modern foundrymen are subjected to, This is 
not quite in accordance with what metallurgists © 
and consulting engineers would have us believe, 
although quite explainable by the foundryman. 

If a sample of a gun-metal or high tin alloy 
consists of seven different sections, as detailed 
in Table I, A is in ifine condition, the Alpha and 
Delta being very evenly distributed, and fairly 
homogeneous; B is also in fine condition, but a 
little coarser in structure, whilst C, D, and K 
are progressively still coarser, whilst F is very 
coarse in structure. In this type of structure 
there are local cavities. The seventh specimen G 
shows a 6 in. by 14 in. piece, cast under chilled 
conditions from the same mix of metal, showing 
the most homogeneous structure. 
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The test results are as follow:— 


Tasue I.—Properties of Gun-metal Test-pieces of increasing 
Section—Casting Temperature of Samples, 1,170 deg. Cent. 


M.S. EK. R.A. 


a Sand Cast. Dia. |tons per] per per 
F | sq. in. | cent.-| cent. 
A 3’ sq. x 6” long | 0.564 | 17.0 5.2 4.96 
B 1? sqe.6 2 S| 0.798.) - 14-5. 4.8 4.44 
CG 12” sq.x 6”  ,, | 0.798 | 13,8 3.5 3.2 
D5 2" 8g. 6%. 5, 10.7982 = 10.3. 2.6 | Nil 
REA oo BOOS Or cal ye OOS 9.0 2.0 Nil 
F 4” 3q.x 6", | 0.798 8.12 2.0 Nil 
G 1} sq. x Chilled | 0.798 | 17.4 1.75 | 1.96 


All made from Virgin Metal—Copper, 85.5; Tin, 13.25; 
Zine, “1.25. : 

The specimens are not the finest one can pro- 
duce, but just what any foundry foreman gets 
every day if he cares to examine his product of 
such dimensions. It is, therefore, up to the con-— 
sulting engineer, the designer, and the metal- 
lurgist to consider this problem, for the foundry- 
man can only chill his castings to a very limited 
extent if the heavy sections of casting have to 
be anything like the small sections in structure 
and test requirements. 


TaBLe II.—Properties of Phosphor Bronze containing 
80 Copper, 10 Tin, 8.0 Lead, and 2° Phos. Copper (Phos. 
15%). 


MLS. E. | R.A. 
‘Tests. ake Cast and Dia. |tons per] per | per 
imensions. : 
sq. in. | cent. | cent. 
1 | Sand 8” sq. by 6” 
long .. ..| 0.564} 14.48] 6.0 | 4.96 
2 | Sand 1}” sq. by 6” 
dome =i. aA 12.8 5.5 4.44 
3 | Chills 14” sq. by 
6” long Re 18.6 7.31 9.28 
4 | Chills* 14” sq. by 
6” long cc 22.24) 7.0 | broke 
out 
side 
cen- 
tres. 


* Sample No. 4 was free from lead. 
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Table If relates to phosphor bronze-for bear- 
ings and shows their properties, both sand and 
chilled cast. 

In the consideration of these investigations the 
difficulties encountered in modern foundry prac- 
tices aré apparent in order to obtain the 100 per 
cent. results so much desired in modern marine 
and locomotive castings. As far as it is humanly 
possible a good sound job is assured by co-opera- 
tion between the foundry and. the laboratory, 
and the care exercised by the former finds con- 
firmation in the results of tests carried out in | 
the laboratories and test-rooms. 

Many instances could be cited where demands 
are made on the material never contemplated 
“from the foundry end, and sooner or later 
failure is reported. These failures, then, can 
hardly be attributed to the founder or the metal- 
lurgist. : 
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London Branch. 


STANDARDISATION IN MODERN FOUNDRY 
PRACTICE. 


By M. J. Cooper, Member. 


In introducing the subject of standardisation 
in modern foundry practice, the author realises 
he is speaking before, perhaps, the most critical 
audience in the foundry trade. Covering a 
number of years’ experience at home and abroad, 
the author has observed the disregard in all 
foundries to standardise tools, appliances, methods, 
and materials in every-day use, not only in small 
foundries, but in comparatively large estab- 
lishments. ‘Take as an example two men 
working adjacent to one another occupied on the 
same class of work, or even on identical patterns, 
it is not an uncommon experience to find them 
using boxes of quite different size and shape, 
articles for ramming which have no resemblance, 
_size, shape or weight, to the generally accepted 
tools for the purpose. JFfacing sand, the colour of 
which alone is positive proof that the constituent 
parts are not of the proportions ruling in other 
parts of the shop for the same class of work, 
apart from the more or less coal dust content or 
amount of moisture contained, and, most impor- 
tant of all in the author’s opinion, the degree 
of density with which the moulds are rammed. 
Even the size, shape and position of the runner 
and gate employed so vary that it makes one 
realise the lack of system, method, or more cor- 
rectly described orderliness of’ mind prevailing 
throughout the foundry world, and more sur- 
prising still that all these multifarious methods 
are expected to produce one result, they do, and 
mostly an indifferent one. Having completed the 
mould, again the same multiplicity of methods 
are employed throughout the same foundry for 
securing the boxes against ferro-static pressure. 
Weights of all irregular size and shape are 
employed, cramps with and without packing and 
wedges, slotted pins and the destructive method 
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of wedging the pins from the side of the moulding 
box, all find favour within an arm’s length 
of the point of observation. Runner bushes or- 
cups, whose shape and dimensions seem to have 
been designed solely to discharge the contents of 
the ladle in the first stages of pouring, anywhere 
but down the runner, and later to convey slag 
and kish into the mould along with the metal. 
Again wrought iron gaggers or lifters, or cast- 
iron ones—an expensive abomination wherever 
they are in vogue—as is also the Scotch system 
of ‘wooden sticks, or soldiers, all are often 
employed in conjunction in many foundries. 

Many methods of time booking and time 
taking on jobs, mostly on the same scale of 
efficiency to the regular conduct of the shop, 
and in a charitable spirit, let us say well-meaning 
but unreliable. Even in many foundries that have 
modernised, the’ atmosphere of the old 
Bohemianism of the foundry prevails, as witnessed 
by the flotsam and jetsam of the engineers’ 
scrap bin, which one finds general about the 
foundry. Realise, then, the difficulty of a man, 
either journeyman or foreman, coming from one 
foundry to another, each foundry having its 
half-hearted system, or perhaps no system at 
all, the difficulty to regulate his mind and his 
methods to the new surroundings. 

It is advantageous to consider some of the 
many workmanlike methods and appliances in 
the light of standardisation. If the foundries are 
to standardise in their costing system, they must 
consequently standardise their methods and 
general routine, and although such standardisation 
of methods as applied in the motor and 
allied trades cannot, perhaps be accomplished 
in general foundry work, many branches of the 
trade, and many processes in the manufacture of 
castings and the appliances used, do adapt them- 
selves, if not to universal standardisation, to 
standardisation in individual shops. 


Sand Density. 


The first operation calling for standardisation 
in foundry work is the density to which the sand 
comprising the mould face should be rammed, 
especially in green-sand work, and this is most 
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readily accepted by the moulder who has served 
his apprenticeship in an almost exclusively green- 
sand foundry. In dry sand and loam sand the 
properties of the sand are ruled by the grain 
size and clay content, but in green-sand work 
executed by hand or machine it is essential to 
control the density in addition, to produce satis- 
factory results. 

There is now on the market an instrument 
which will register the density of the mould face 
in a similar manner to the Brinell test. Now 
when some test of this nature is in general use 
foundrymen may begin to consider sand stan- 
dards or the relative values of sands in general 
use with a standardised sand. It is now accepted 
that the most suitable sands for foundry use are 
those having a grain-size ranging between 60 to 
100 mesh to the inch and a maximum clay-content 
of 12 per cent., and a density to which a sand 
may be rammed is governed by the percentage 
of grain content lower than 100 mesh and to the 
fineness of the clay content, 


The Preparation of Facing Sand. 


There is but a very small percentage of 
foundries, large or small, properly equipped for 
the proper preparation of facing sand or loam. 
The standard foundry or sand mill should be 
provided with mechanism for lifting the rollers 
off the bottom of the pan immediately the sand 
has received sufficient milling or kneading, and 
it is just as essential for economy in H.P. and 
economy in time that a variable speed gear should 
be fixed, The conduct of new sand when in con- 
tact with metal frequently depends on the treat- 
ment it has received before reaching the hands of 
the moulder. The usual sand preparing installa- 
tion is in the form of a mortar grinding mill, and 
the choice seems to fall on the self-emptying 
variety, and the greater the amount of sand to 
be prepared, the larger the mill, and as though 
the strength of the material changed in propor- 
tion to the amount. required, the weight of the 
rollers is increased with the size of the pan and 
vary from 5 to 25 ewts. per roller. Speeds vary 
from 10 revs, per minute for pans 3 ft. 6 in. dia. 
to 60 revs, on pans 9 ft. dia., and vice-versa. 
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Some mills are equipped with two plain-faced 
rollers or two cogged rollers, or, again, one plain 
and one cogged, and all this variation in speed, 
weight and design to accomplish simply the 
proper blending of the sand. Whether facing 
sand is being prepared or loam, on all these mills 
the speeds are constant, and with the self- 
emptying variety the mill goes on grinding the 
contents until the pan is emptied, and that opera- 
tion is controlled by the condition of the scrapers 
which, following the low standard of foundry 
plant maintainance, is generally bad. Obviously. 
part of the sand is properly mulled (or under- 
mulled) and the other part is overground, and 
unless later put through a disintegrator, the result 
is better imagined than described. 

In the author’s experience a roller with a 12-in. 
face, the weight should not exceed 10 cwt. and the 
surface speed of the pans or rollers should not 
exceed 150 ft. per minute, for facing sand. After 
passing under the rollers for a short time at full 
pressure the rollers should be raised and the speed 
accelerated just to give the mulling action without 
reducing the grain size, and in the case of loam, 
the speed may receive much greater acceleration. 
By this means the sand will be prepared much 
more quickly and with a very considerable saving — 
in h.p. Regarding the merits of cogged and plain 
rollers, much will depend on the class of material 
being treated. For rotten rock undoubtedly the 
cogged roller is a great advantage for breaking 
down the lumps, where the sand cannot be pro- 
cured in the disintegrated state. At the same 
time, immediately the breaking down operation 
is accomplished it is very obvious the surface of 
the roller which comes in contact with the sand 
is very small, and therefore has a greater crushing 
effect. considerably varying the grain size. 


The Standardisation of Rammers. 

The most important item of standardisation is 
the foundry rammer, the density to which sand is 
rammed depends entirely upon the sense of touch 
of the operator, and this can only be acquired 
when the medium used is fairly constant 
in dimensions and weight. In many- shops 
balance and weight of the rammer receive 
no consideration whatever, any old piece of 
scrap iron on the end of a rod varying in 
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diameter from 4 to 7 in. and in weight from 56 lbs. 
to 14 lbs., is allowed for the purpose of ramming, 
and to make it more awkward when it is not in 
use as a rammer it is the first article seized upon 
for a lever or as an adjunct in breaking up the 
foundry scrap. Pegging rammers for general 
floor work should be standard at 7 lbs., with a 
tolerance of 2lbs.; that is, + 2 Ibs. for heavy dry- 
sand work and — 14lbs, for light green sand, with 
a stale diameter of 2 in. x 54 in: long. . This is 
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Fic. 1.—Pra Rammer. 
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set out in Fig. 1. Flat rammers may have the same 
tolerance; the standard should be 9 lbs. + 3 Ibs. 
and — Iltlb., the stale to be 2 in. x 54 in. long. 
A rammer is much better on the light side, being 
more easily manipulated, and the density of ram- 
ming being accomplished by the variation in the 
length of the stroke, or the little extra force put 
into the downward blow. <A flat rammer, upon 
which one might usefully standardise, is shown in 
Bigse2: 


The Design and Construction of Moulding Boxes. 
There is urgent need for standardisation of 
moulding box equipment of all sizes, dimensions 
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and thickness, weight for single-handed and 
double-handed operation, size of pins, snugs, 
handles and bar space. ; 

It is quite common to see boxes 12 in. sq. x 
4 in. deep and 2 in. and 2 in. metal, and the 
author has seen boxes 4 ft. square, designed by 


Fig. 2.—Fuat RAMMER. 


a foreman pattern-maker in the dual capacity of 
foundry manager (within the last two years), for 
use with a jolter, with sides of 1{-in. metal, and 
beyond the power of the machine to bump. It is 
suggested that for plate or machine work for 
maximum single-handed lift, the box and sand 
content should not exceed 1 cwt., and such boxes, 
say up to 20 in. x 12 in. x 4 in. deep. or 24 in. 
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deep, should not exceed ~;-in. metal with 
radiused corners giving equal metal throughout 
the box, and handles of mild steel not less than 
3 in. dia., and pins for plate work and general 
use, not less than ? in. dia. and 3} in, long from 
the shoulder, to be made of mild steel with 
0.0l-in. clearance on the diam. and tolerance on 
the lines of the ‘‘ Newall”? running fits, allow- 
ing a lead at the top of the pin of #-in. taper 
in 3 in. All snug holes should be jig drilled and 
reamered to standard dimensions with snugs at 
least twice the thickness of the diam: of the pin. 


For all double-handed boxes (two men) and 
crane boxes up to 6 ft. sq. it is advisable to have 
lin. diam. register pins, with the same tolerance 
as the smaller pins, and on all crane boxes it is 
a considerable advantage to have the pins case-— 
hardened. For deep lifts 9 in. and upwards, 
4, in. taper to 1 ft. should be allowed to within, 
say, 24 in. from the shoulder, which portion 
should then be parallel and have the usual 
0.0l-in. clearance. For double-hand boxes. (two 
men) to- be lifted about by hand when rammed, 
the handles should not be less than 1} in. diam.. 
x 5 in. long; handles of less diameter cut into 
the hands at every lift and are the cause of great 
discomfort. Again, the handles for a double- 
handed lift shall be kept within reasonable limits 
of spread, and as near 21 in. as possible for com- 
fortable working. On moulding boxes above the 
single-hand type and containing cross bars it is 
advisable to have four snugs, which may serve 
the dual purpose of taking the register pin and 
for clamping the box against ferro-static pressure. 
Cross bars should have a standard distance of 
5 in. clear minimum, and may with advantage 
increase to 6 in. on large crane boxes, and on all 
composite boxes the bolt holes for securing all 
bars and group bars should be not less than 7-in. 
centres. A bar space of less than 5 in. will not 
allow the pegging rammer to work properly 
between the lifters, and flat ramming with a 
standard flat rammer is out of the question. 
Larger moulding boxes (top parts) of the crane 
type, in addition to having circular or radiused 
corners, should have the cross bars proportionately 
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as near the same strength as the outside frame as 
far as possible to minimise contraction strains, and 
all lifting handles or lugs should pull longi- 
tudinally with the cross bars. For boxes above 
6 ft. square it is desirable to have the outside 
frame channel section, for in addition to increas- 
ing the strength with a saving in weight, it is a 
ereat advantage when securing the boxes with 
cramps against ferro-static pressure. 

All boxes above 6 ft. square should have the 
corners split. with splitting plates and later 
fitted with another thicker plate to secure with 
suitable: bolts. 

In designing boxes of a heavier type the author 
favours the composite construction, that is an 
independent frame with bars cast in groups of 
three or four. This type of box possesses 
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numerous advantages, a group of deep bars may 
be substituted for a group of shallow bars, or 
bars of special shape to suit the contour of the 
pattern, and wherever the class of work warrants 
it, provision should be made in the design of the 
boxes generally for bolting end and end, tor 
instance, three 6-ft. square boxes would build a 
box 18 ft. x 6 ft., or two boxes would build a 
box 12 ft. x 6 ft., this, of course, necessitates all 
bolt-hole centres being made standard. 

Where trunnions or swivels are provided, and if 
cast as part of the box, these should have a suit- 
able mild-steel chill cast through to make the 
metal homogeneous throughout. 


Standardising the Equipment for Loam Moulding. 

In the general run of spindle work, but three 
sizes of spindles are required, 2, 3, and 4 in. dia. 
These may vary in length according to the class 
of work produced, but the diameters cited should 
be strictly standard, and more important still is 


608 


the adoption of a standard taper, say an included 
angle of approximately 10 deg. or 1 in. per ft., 
and the length of taper should be say 8 in., and 
a recess 1/32-in. deep and 3 in. long should be 
turned in the taper length to reduce the friction 


and the addition of a slightly spiral grease groove 


is a great advantage. This is shown in Pig. 3. 
Master spindles should be provided for the cast- 
ing of crosses or spindle centres. 5 
Speaking generally, very few foundries have 
adopted a standard taper for spindles, and the 
confusion and waste of time arising from this 
disorderly way of working is only known to those 
actually employed in matching a spindle and 


Fic. 4.—Stanparp Spinpitze ARM. 


plate once they have been separated, and in the 
long run generally results in a new plate having 
to be cast. Again it is quite usual where a 
standard C.I. arm is not in use for spindles to 
vary in }-in. from any diameter to any diameter, 
consequently when the mould goes into the stove 
to dry, the board, the arm, and the spindle must 
be kept intact, otherwise the whole operation of 
setting the arm and the board has to be gone 
through again involving a considerable amount 
of extra work. There is almost as much varia- 
tion in spindles and spindle arms as there is in 
rammers, and loam work, always an expensive 
and untidy process, is made doubly so. : 
In Figs. 4 and 5 are shown varieties of spindle 
arms upon which standardisation is desirable. 


Runner Plugs. 


Runner plugs whose design promotes the very 
trouble for which they are employed to overcome, 
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that is to prevent sand and dirt being carried 
down the runner with the first flush of metal, 
instead of which very frequently the face of the 
plug is so large that the power of suction dis- 
turbs the sand at the bottom of the runner basin 
upon which they repose and the displaced sand is 
carried down the runner and into the casting to 
be attributed to dirty. metal, dirty, moulds and 


eutectic excesses of all kinds. The general run of, 


so-called runner plugs is an article of utility, they 
are invariably of a design like a flat rammer with 
a more or less flat surface 3 in. sq. or 3 in. dia. 


WROT IRON SPINOLE ARM 


re). 5. 


—— 


upwards. They act as occasion demands, as a 
runner plug, as a flat rammer, etc., but when 
doing its best service is used heated as a drier 
for redrying damp patches on cores after making 
up lifting hooks. The standard runner plug, 
submitted in Fig. 6, should follow the lines of 
the standard mushroom valve, but the seating 
should be deeper, and the included angle of the 
seating should be a little less than the plug. 
The seating may be made from a loose or 


- separate core for a dry-sand mould, or in the case 


of a loam mould sufficient loam may be secured 
on the top plate and the seating pattern bedded 
in the loam and dried in position. 


Skimmers. 
_ Skimmers of all weights and sections of bar 
iron either too heavy comfortably to manipulate 
or too short and narrow to be effective are 


accepted as being good enough, and two or three 
x 
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bad castings of comparatively light weight will 
pay for all the new skimmer iron “required in the 
average large shop in a year. For shank or light 
ladle work the most convenient section of mer- 
chant iron is 11 x 1 in. and cut to 6-ft. lengths; 
this will allow ample to turn for the skimmer 
head, and a reasonable surplus for wear and tear. 
For skimming a crane ladle, when pouring, 
a 3-in. dia. piece of rod or piping 6 ft. long to 
which has been welded a head in the form of a 
scimitar, say, 18 in. long and 3 in, deep in the 
blade, will trap a wide surface and adjust itself 
to varying sizes of ladles. Undoubtedly for skim- 
ming the slag and kish off a ladle at the cupola 
a standard boiler rake is difficult to improve upon. 

Where individual attention cannot be given to 
casting small work which has to be machined and 
where metal is caught direct from the cupola a 
perforated skimming spoon is essential. 


Runner Bushes or Cups. 


For general jobbing, small work and plate and 
machine work requiring a head of metal the cir- 
cular C.1, bush or cup, if properly lined or made 
upon a C.I. bush maker, is worth standardising, 
‘and if made in two sizes, will cover a big range 
of work. One, say, 44 in. dia. x 3 in. deep, and 
another 54 in. inside dia. and 4 in. deep, with a 
thickness of 38-16 in. to 5-16 in. taper metal, 
allowing a lining of 4 in. sand at the bottom and 
with 1 in, at the top, and for heavier work a very 
useful size is rectangular shape 8 in. x 5 in. x 
34 in, deep, with a metal thickness of } in. at the 
top and 2 in. at the bottom, made up on a bush 
maker to leave a sand lining ‘of 2.in: at the 
bottom and 4 in, at the top. 


Dressing. 


In very few foundries does the dresser receive 
any consideration in the provision of tools, 
generally improvising his own from anything 
likely lying around. The standard dresser’s 
hammer is 11 Jb. (a fitter’s is 14 lb.), but it must 
be remembered that with a lighter hammer the 
dresser does more than double the strokes to the 
minute than the fitter and maintains the speed 
continually throughout the day. 
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A dresser’s standard chisel may be hexagon .or 
oval in shape, but preferably oval, 10 in.’ in 
length and 13 Ib. weight, hex HB across the flats . 
and the oval Z in. x 1 in. 


Cupola Practice. 


The standardisation of cupolas and their equip- 
ment is long overdue. There ig waste of power 
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due to high-pressure blast, small diameter supply 
pipes and small, badly-designed tuyeres, and ignor- 
ance in regard to volume of air passing through 
the cupola. Ample practical and laboratory data is 
available to demonstrate to the least observant 
what a wasteful factor in castings production the 
average cupola is, and in the provision of blast 


_ piping capacity it is obvious that there is not as 
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much consideration given to the matter as by the 
average plumber when providing rain-water pipes 
to house property. A deep crucible, a short body 
and a fan like somebody else’s is the usual equip- 
ment. There is a greater leakage taking place in 
foundry work from careless cupola practice than 
in any other department of foundry work. It 
would be almost an utter impossibility for some 
foundries to produce reliable castings however 
high grade the materials used, and the cupola and 
equipment may have been quite an expensive item 
and supplied by firms whose name is a household 
word, as instance the number of years during 
which innumerable cupolas have been equipped 
with a blast-pressure gauge, an instrument which 
signifies nothing in regard to the essential require- 
ments for melting, except to denote that the fan 
is still running. Only by the use of a volume 
gauge is it possible to control the standard of 
output. Foundries weighing coke and iron charges 
and measuring depth of bed before the first charge 
is put on and with proper supervision of back- 
tenters, and a daily record of iron and coke con- 
sumption or castings produced per ton of metal 
melted are few and far between, and a few 
rough test pieces cast daily and observed for 
appearance of fracture would alone help to stan- 
dardise production. Some foundries ‘carefully 
weigh the iron, but not the coke; others the coke 
and neglect the iron, whilst still others only weigh 
the limestone because that is the capacity of the 
available scales. The author is convinced that a 
good material result in 75 per cent. of British 
foundries is the outcome of accident, and the 
comparisons of metal melted and castings pro- | 
duced would disclose the excessive amount of metal 
wasted in heads and runners. 


The Standard Foundry Crane. 


The type of electrical crane in use in the 
machine shops when placed in a foundry can only 
be described as a makeshift, and is as much a 
foundry tool as a mortar grinder is to a sandmill, 
and lacks many desirable features of the old hand 
jib crane. A creeping gear is an essential feature 
to every motion of a foundry crane, and unless 
possessing this feature, is a very destructive agent 
and a constant source of danger. The prevailing 
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type of crane in foundry use, functions by a series 
of jumps and jerks at every operation, with the 
result that register pins are bent, snugs broken, 
and the time spent in many foundries m repairing 
broken moulds through bad lifts would alone pay 
for proper lifting equipment in a matter of 
months. At casting time the amount of scrap 
made about the floor through the difficulty of 
crane manipulation and castings spoiled through 
runnerbox displacement amounts to a considerable 
item in the course of a year. 


Standardisation of Foundry Accessories and Materials° 


Lack of proper standardisation in foundry 
practice is most keenly felt by the foundryman 
in the supply of raw materials and accessories. 
There is very urgent need for a standard to be 
established in the properties of coal dust, black- 
‘ing, plumbago and coregum. . 

Quite a lot of the coal dust supplied is totally 
unsuitable for the purpose of mixing with mould- ' 
ing sand, and in many cases would be better left 
out—irregularity of grain size, amount of ash 
and sulphur content being some of the many had 
qualities. Plumbago is so highly adulterated and 
of so coarse a texture that it just defeats the very 
purpose it is supposed to fulfil, and during recent 
years it is no uncommon thing to see the top sur-_ 
face of a casting grained like a cloud, the result 
of the plumbago having washed from the bottom 
surface and sides of the mould, while ordinary 
blacking is just a mass of volatile matter not 
having even the properties of common _ soot. 
The author has frequently used coregum that, 
when mixed with water, has immediately 
settled in the form of sand, and whose glueing 
properties were useless. All this sort of thing 
causes irregularity in consumption and introduces 
waste not only in materials, but is a very fre- 
quent source of continuous waster castings and 
serious worry to the user. 
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DISCUSSION. 
Cast-Iron or Mild-Steel Gaggers. 


The BrancH-PRESIDENT, opening the discussion, 
said there was room for standardisation, and he 
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. was in agreement with Mr. Cooper on quite a 
number of the points. Without wishing to embark 
upon a course of destructive criticism, there were 
one or two points he wished to refer to. In the 
first place, he had had a fair experience of cast- 
iron gaggers, and was inclined to disagree with 
Mr. Cooper’s contention that they were expen- 
sive. In the case of a fair-sized chill, for instance, 
anybody could put a spare drop of metal in as 
they were passing, in the form of a cast-iron 
gagger, and the cost was practically nil. Cast- 
iron hooks had a short life, due to breakages, but 
they all went back to the cupola without serious 
loss. If common iron or mild steel were used for 
making gaggers, there was the cost of bending. 
Certainly those gaggers had a much longer life 
_ than those made of cast iron, but, altogether, he 


helieved that on balance the cast-iron gaggers 


would -be the less expensive. 


Testing Mould Hardness. 


Referring to the instrument mentioned for test- 
‘ing the density of the mould face on the lines of, 
the Brinell test, he said he had seen the instru- 
ment demonstrated, and could not agree that it 
would be very useful in a foundry. In_ the first 
place, with such an instrument one could not test 
the whole of an intricate mould. Obviously, the 
purpose of the instrument was to test the hard- 
ness of the mould, with 'a view to preventing scab- 
bing, but in intricate moulds there were bound 
to be places which would easily scab, and which 
could not be tested with the instrument men- 
tioned, although it could be used on square or 
cylindrical moulds, but in a well regulated. shop 
one would hardly expect to see much scabbing in 
- such moulds. 

The Over-milling of Sand, 

The Branch-President also disagreed with the 
author’s remarks as to the effects of the over- 
milling of sand. Some time ago a paper had been 
read before the London Branch by Major 
Rhydderch, who was a prominent man so far as 
the investigation of sand was concerned. He 
himself had asked on that occasion what was the 
effect of over-milling the sand in a mould, how far 
it reduced the grain size and resulted in silt. The 
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_ sand which had been badly over-milled, and hac 


been surprised to find that there was practically 
no reduction in grain size. . 
Standardising Rammers. 

Another point on which the Branch-President 
differed with Mr. Cooper was that of the stan- 
dardisation of rammers. It was his experience 
that, though rammers might be standardised, no 
two men used those rammers alike, and the human 
element was alJ-important. A man with a medium- 
sized rammer would do just as much work, and 
probably more, than a man with a large rammer. 
He did not mean that he would permit a man to 
use a small rammer with no head at all, but he 
did not consider that standardisation of rammers 
was essential, in view of the great extent to which 
the human element entered into the matter. One 
could ram quite well with the feet in some cases. 


Moulding Boxes. 


As to moulding boxes, and the author’s recom- 
mendation for a thickness—he presumed he meant 
cast-iron boxes—of 5-16 in., up to the size of 
20 in. x 12 in. x 4 im., he pointed out that the 
human element also entered into that question, and 
he would be very dubious as to the life of such 
boxes in the foundry to-day, particularly if they 
were put into the stove many times. In advocat- 
ing the use of a thicker box, he did not suggest 
that it should be, say, 1 in. thick, but 5-16 in. 
did appear to be too thin. It was a very difficult 
matter to get what he called the old type 
of foundry labourer on whom one could depend 
to do his bit in the best possible manner. One 
had to put up with quite a mixed assortment, due 
to economic factors, and he would not care to 
trust a few of them to handle boxes 5-16 in. thick. 
He should think that a box of the size mentioned 
should be at least another 4 in. thicker. 


Mr. V. C. Faurxner thought that the Branch-. 


President had failed to realise that the lecturer 
had put forward the statements in his paper in a 
tentative spirit. He did not think the author 
wished to be arbitrary, otherwise he would not 
have adopted the title he had, and his intention 
had been rather to establish a basis for discussion, 
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in which particular he had succeeded. Referring 
to the machine for registering the density of the — 
mould face, on the lines of the Brinell test, he 
said there were two such machines on the European 
market, one of which was capable of dealing with 
more or less restricted places. 


Standardised Spindles. 


He did not know whether the members were 
aware of the fact, but on the French market there 
were standardised spindles, though he had never 
heard of them on the English market. One must 
bear in-mind that if some of these elementary 
things could be standardised, they could be turned 
out on a large scale by one foundry, and they 
would come into the moulder’s hands at a price 
lower than that at which the moulder could make 
them himself. Home-made articles of this type 
“were dearer than those bought outside, when one 
considered the time spent on them by the various 
foremen and managers. Foundry people often 
showed him with pride the articles they had made 
for themselves, but he had often wished that he 
could get hold of the true costs of those things. 
When speaking of blackings, the author had sug- 
gested that one might get an increased sulphur 
content in the finished casting. If one made a 
mathematical calculation, however, he believed it 
would be found that the sulphur increase would 
not be worth while worrying about. Before the 
war he had written to every manufacturer of 
graphites and blackings that he could find, and 
had analysed their products. Some of those 
products carried as much as 50 per cent. of ash, 
but since that time he was pleased to note real 
progress had been made, but. there was room for 
standardisation. 


Thin Boxes are Relatively Stronger. 


With regard to the Branch-President’s sugges- 
_ tion that the moulding boxes referred to by Mr. 
Cooper were too thin, he reminded him that, in 
the ordinary way, the thinner the cast iron the 
stronger it became, and increased weight did not 
always mean increased strength. In thanking Mr. 
Cooper for his paper, he said that he himself, as 
a metallurgist, had enjoyed it immensely, 


— 
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£ Wastage in Gaggers. 

Mr. Cooper, replying to the Branch-President, 
said his experience of cast-iron gaggers was that 
one was always out of the size required. The 
gaggers became broken, they were laid about in 
the sand and constantly dug up, and the life for a 
lifter was about three days. In his opinion it 
paid to use the best iron for making gaggers, and | 
to have a standard size for the foot and a standard 
size for the top. Again, the cast iron deteriorated 
very much, and if it were thrown back into the 
cupola it could only be used for the roughest of 
work, as it was covered with sand, elay-wash and 
dirt. One foundry he knew of, in which there were 
eight jobbing moulders on the floor, used cast-iron 
gaggers, and every day two men were making 
gaggers from the time, the cupola was started until 
it was stopped. Those gaggers were considered of 
so little importance, and so easily made, that they 
did not attempt to get them out of the boxes, but 
simply chopped them off and made fresh ones. He 
would not say they would not have lasted longer, 
however. : 


Mould Hardness Tester as Basis for Comparison. 


Different foundries used different sands, and 
each sand called for a different degree of 
hardness in ramming. A~man_ starting in 
a fresh foundry might point out that they were 
ramming too hard, or too soft, but if such a 
machine were in use it could be demonstrated that 
a certain registration was used throughout that 
foundry for moulds of certain depths, and it would 
settle the question at once. 


Sand Mills as Power Wasters. 

As to the milling of sand, he asserted that the 
sand could be destroyed, but what he had in mind 
was not so much the destruction of the sand, but 
the point that there was no necessity for driving 


big weights of rollers round.’ Since he had written 


the paper he had seen a catalogue, in which he 
had noticed that the surface speeds varied from 
150 ft. up to 400 ft. for exactly the same size of 
mill. The heavier the roller the higher the sur- 
face speed, in some instances, whilst in other cases 
as the roller became heavier the surface speed 
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decreased. It showed what a considerable amount, 
of horse-power was being used in one instance as 
compared with another to accomplish the same 
object. . 

He did not agree that every man preferred his 

own weight of rammer, but it was far better to 
have a standard, and to use the same weight always 
for a particular class of work. He agreed with the 
Branch-President that one could ram with the feet, 
but when ramming with the feet one had a bigger 
surface ‘contact than when using a rammer, and 
one did not ram so hard with the feet. As to the 
thickness of moulding boxes, he had seen boxes 
z in. thick which had been used for twenty years, 
and were still being used. They were used by the 
old Brook’s Sewing Machine Company. With such 
a light box one could get far more work done. The 
boxes he had referred to were never put into the 
stove. 

Mr. J. Enis (Past-President of the Institute), 
whilst agreeing as to the undoubted importance 
of standardisation, and thanking Mr. Cooper for 
his paper, with much of which he agreed, was dis- 
appointed that nothing had been said about the 
standardisation of the moulder, because very much 
that was in the paper was of no use until the 
moulder was standardised. As Mr. Cooper had 
said, one man could ram a large bed plate qnite | 
well with a shovel handle and a flat rammer, but 
another man with the same tackle, assuming that 
to be the standard, would make a waster. Stan- 
dardisation of the moulder, however, was impos-— 
sible. The quality of the metal used had a great 
bearing on the thickness of moulding boxes. With 
some metal one could make boxes 13 in. thick, 
and they would not stand up to the work. Recently 
he had seen the stays of boxes 14 ft. long, 8 in. 
deep and 3 in. thick, and they had been used for 
many years, but were made of the very best cold ’ 
Ilast iron. Speaking of gaggers, he said that cast- 
iron hooks had an advantage. For instance, they 
were far more rigid than in wrought iron, but the 
expense was greater. = 


Moulding Box Pins. 


The moulding box pin question was a very vexed 
one. Some twenty years ago it was discussed, and 
all sorts of arguments were used. Some wanted 


619 


‘square pins, some elliptical, others wanted. cotter 


holes, others wanted screw pins. Whilst some 


said that the clamp was the best to hold the 
mould down others preferred weights. The 
human element entered into the question very 
largely, but he believed that the very best 
method to-day, especially for repetition work, , 
was a standardised hole in) both top and 


bottom, and a master pin. Perhaps one or two | ie 


dozen pins would suffice for the needs of a 


foundry. The pins and holes were the same size,’ 


there were no lap joints, and there was no danger 
of the pins getting knocked, worn and broken. 
With regard to skimming with a piece of tubing, 
that could be extremely dangerous, and he had 
seen the metal shot right through the tube and 
out the other end. He liked the sketch of the 
runner plug in Fig. 6, because the ordinary type 
sometimes caused a great splash, and often some- 
body got burned. There were some things which 
could not be standardised, because of the human 
element, but there were many which could be 
standardised, and the members of the Branch 
would come to the conclusion that those matters 
were well worth considering. 


Standardisation and Costing. 


Me. H. O. Srarer (Past Branch-President) said | 
he believed the day had arrived when even the 
employers were really interesting themselves, not 
only in the product of the foundry, but in the 
troubles connected with the design of tackle in 
the foundry—and quite rightly too. Im many 
engineering concerns the equipment and design of 
the machine shops, pattern shops, and so on, were 
more than adequate, but the foundry was poked 
away in the most miserable corner of the whole 
concern. To-day, however, they were beginning 
to feel the necessity for proper production to meet 
the needs of the machine shops, and in that was 
largely bound up the question of cost. Some years 
ago the Institute had tackled the question of costs 
in the foundry, and the propaganda which had 
been carried on in that connection had had. a 
great effect upon the trade. In the past the 
foundry had been regarded as almost a necessary 
evil. ‘They had been asked to quote for castings 


? 
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“per pound, and the employer, sometimes lacking 
the essential knowledge of costs in a foundry, had 
not known exactly what a particular casting would 
cost him. He would quote for an intricate casting 
at the same price as for a straightforward and 
easier Job, and later the foreman would be blamed ~ 
because costs were high. Costs and standardisa- 
tion of equipment were largely bound up one with 
the other. In a foundry which he had visited he 
had noticed cupolas the workmanship in which 
was of the best that could have been put into the 
material, but the design, from a. practical 
foundryman’s point of view, was positively ridicu- 
lous, and manifested the danger of employing any- 
body other than a foundryman to design the most 
essential detail of the foundry. The foundry 
foreman was very often blamed for defective work, 
whereas it was due entirely to the bad design of 
the tools supplied by other people for his use. 
Speaking of gaggers of cast iron, he said that an 
arrangement consisting of a plate with two lugs at 
opposite corners and the trunnion in the centre, 
was very useful. It had eliminated a good deal 
of trouble during the war, and he had always had 
a good supply of hooks. He agreed that in a deep 
cod cast-iron gaggers were far superior to wrought 
iron, and in the case of steel work he very much 
favoured cast iron. 


Jobbing Foundries Can Pay. 


Mr. L. Trppennam said that the standardisation 
of the moulder was hardly possible, but with the 
present moulding machines the founder did get 
standard moulds and standard castings. A few 
days ago he had been concerned with the making 
of two castings, one to fit inside the other, with- 
out any machining whatever. They had been 
made from a plate pattern, and they came together 
very well. Without thinking anything about it, he 
had put the plate on the moulding machine. 
Several hundreds of these castings were being 

,made, and when they were fitted together it was 
found that they were very slack. That was a very 
serious thing, but if they had used the moulding 
machine from the beginning they would have had 
a standard casting. Mr. Cooper had rather 
frightened him when he had mentioned all the 
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troubles that he had seen in the foundry, and he 
himself, as an employer, would be very embar- 
rassed if he saw all those things happening in his 
own foundry. It would not be possible to allow 
such things to go on in a jobbing foundry. He 
had to quote competitive prices, and if he had no 
system of costing, as Mr. Slater appeared to think 
was the case, he would not-make any profits, but, 
as a matter of fact, he did make profits as a job- 
bing founder. 


Difficulties of Standardisation Stressed. 


Mr. M. E. Gauton (Past-President of the New- 
castle Branch of the Institute) said there could 
be no hard and fast rule with regard to the den- 
sity of sand, and, no matter what instruments - 
were used, one man would make a mould harder 
than another. There was a peculiar touch which 
had to be acquired in dealing with ‘sand, and it 
was only acquired by long experience, and if the 
maw who was ramming, whether he used a large 
or a small rammer, did not understand his job, 
there would be trouble sooner or later. There was 
a good deal of unnecessary milling of sand, and 
he had cast jobs weighing up to 24 ewts. in green 
sand, which had not been into the mill at all, but 
was just mixed up by shovel. Speaking of the 
standardisation of the central pin in the socket, 
hé said that every foundry standardised in its own 
way to suit its requirements, and no hard and fast 
rule could be laid down. In his own foundry they 
had probably half a dozen or more centres, which 
could be used for any job, and they all fitted a cer- 
‘tain size of pin, 2} in., 2 in. or 1} im., as the case 
might be. No matter how far standardisation was 
earried, the same result could not be obtained 
every time in a foundry, because of the human 
element. 


Can the Skilled Moulder be Replaced ? 


‘he BRANCH-PRESIDENT, discussing the standardi- 
sation of the moulder, said the fact must not be 
lost sight of'that distinct efforts were being made 
i? that direction to-day, and a uniform system 
was being worked in the south-east of England for 
‘the training of apprentices to a definite standard. 
One recogniséd, of course, that the psychology of 


the moulder, and the human element as it was 
generally understood, could’not be standardised. 
So far as he could see, those concerned were train- 
ing a fair number of men for executive positions, 
but he was inclined to agree with Mr. Slater that, 
if there should be a trade boom, as we_all hoped, 
there would be a deficiency of skilled men in the 
foundries. The standardisation of costing 
methods had its disadvantages as well as its advan- 
tages, and there was a danger of excessive 
standardisation. He had had experience of foun- 
dries, in which it had been the custom to ascer- 
tain the costs to within four points of a penny 
per lb. of castings, and, because of that detailed 
costing, the foundry was not allowed to have 
moulding boxes and other tackle, whereas, if those 
concerned had not been so fully aware of the cost 
involved, they would have provided for good tackle. 


A Modern Conception of Industrial Needs. 


Mr, J. W. Garpom pointed out that if there 
was no costing at all in foundries, however crude 
it might be, there would be no foundries. It was 
not necessary to go into minute details in foundry 
costing, and it was probable that the foundry 
management did not know the exact cost of cer- 
tain small jobs, because it was not worth while 
going into it, but they knew the costs of the 
bigger jobs they turned out. With regard to the 
training of moulders, he was of opinion that the 
question was being discussed from the wrong point 
of view. It was advisable to grow with the times. 
To illustrate his point, he said that at one time 
Messrs. Lucas produced the best oil lamp for 
bicycles. If that firm had decided to make noth- 
ing but oil lamps, and to train men to make those 
lamps, they would not be in business to-day. If 
we could not produce sufficient skilled moulders, or 
could not interest sufficient men to become skilled 
moulders, was it not better to face the fact, and 
train men who did know something about the way 
the job should be done, so that when the boom 
came—and it was coming fast—their Services could 
be augmented with those of unskilled men, wh8m 
they could train for the work? The same thing 
had ‘happened in the Army, where the men who 
had enlisted during the war were trained by the 
N.C.0.’s. 
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Standardised bee Augments National Foundry — 
ealth. 

Mr. V. C. FavnKner said that, generally speak- 
ing, he had been disappointed with the discussion, 
because it had been so destructive. Speakers had 
said that we could not do this and could not do 
that, and had drawn attention to the human ele- 


ment. but Mr. Gardom, in exhorting foundrymen ~ ; 


to see what they could. do under present condi- 
tions, had guided the discussion into the right 
lines. But for the fact that the’ Annual Confer- 
ence was to be held in London, and the London 
Branch was very, busy, a committee might usefully 
have been set up to deal with standardisation. 
If that committee did not agree with the rammer 
suggested by Mr. Cooper, let them suggest an 
alternative, or have three standard rammers if 
such could cover the ground, The same remarks 
applied to boxes. Although there were a large 
number of types of cast-iron boxes in use, he 
believed it was possible to produce a thoroughly 
good design which would cover the major require- 
ments of the trade.. There could be a standard 
drawing, and from it a standard box would be 
bought on the open market at a standard price, 
whereas at present, if one went to a foundry sale, 
one could. not buy boxes, because they were not 
suitable for one’s work. There was a great deal, 
therefore, in what Mr. Cooper had said. 


Necessity of Skilled Men Emphasised. 


Mr. H 0. Srater disagreed with the idea which | 
Mr. Gardom had propounded with regard to the 
training of the moulder. What he himself wanted 
to point out was the necessity for having available 
really trained practical foundrymen, who could 
take over the management of the foundry, on the 
practical side and the commercial side. He him- 
self had been trained as a soldier in a fortnight, 
but one could not train a moulder in a fortnight. 
It was necessary to have thoroughly trained men 
available, so that they could be employed at the 
right time, because if they were not available, 
national wealth was lost. 


Cardinal Points Sought. 


Mr. Garpom said Mr. Slater had missed the 
point that what the foundry had to do was to sell 
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castings and make a profit. It did not matter 
whether the man who made those castings was a 
really trained man, or whether he was an unskilled 
man under the supervision of the technical man. 
Mr. Slater would say that the only factor in the 
making of a casting was the moulder, butias a | 
fact he was only a part of it. 

Mr. SiatEr'said he was the most essential part. 

Mr. Garpom disagreed, and said that the iron 
was the most important factor. (Laughter.) 


Points Cleared Up. 

The Brancu-PRESIDENT was inclined to think 
that both Mr. Slater and Mr. Gallon had missed 
Mr. Gardom’s point. All that Mr. Gardom was 
suggesting was that, if we could not get skilled 
men, we should adapt ourselves to the circum- 
stances, and get over the difficulty by using 
‘machines, and in other ways. These difficulties 
had had to be overcome before. Whilst he agreed 
as to the necessity for skilled men, he wanted to 
point out—it was not a conclusion arrived at on 
the spur of the moment, but as the result of his 
experience over a period of years—that to-day, in 
spite of the slump in trade, there were more skilled 
men employed in the foundries than there were 
25 years ago, although that period had seen the 
introduction of machines, and the various economic 
difficulties that had arisen had had to be over- 
come. The demand for skilled men could not be 
reduced with the introduction of better methods 
of production, because, with the march of pro- 
gress, there arose a demand for other things which 
necessitated the employment of skilled men, and 
their number would increase rather than decrease. 


Box Pins. 


Mr. Coorrr, replying to Mr. Tibbenham, said 
that, necessarily, all the faults he had referred to 
did not occur in the one foundry, but in a number 
of different foundries. He had no doubt, how- 
ever, that if Mr. Tibbenham had several sizes of 
moulding boxes in operation in his foundry, 2 ft. 
sq., 1 ft. sq., and so on, they all required different 
sizes of pins. It would not be unusual to find that 
state of affairs.in a foundry. There was no doubt 
that the use of loose pins, as suggested by Mr, 
Klis, was the best system of all, F 


625 


In reply to Mr. Gallon, he said he had not sug. 
gested that gaggers should be cut out altogether, 
but that the founder should have a standard, and 
use either all cast-iron or all wrought-iron gaggers. 
The question of whether or not a mould was hard 
enough was always a debatable point, but if the 
instrument for recording sand face hardness were 
used—and it would be adopted—it would do away 
with all the discussion and argument which now 
took place. He agreed with Mr. Gallon’s remarks 
as to the milling of green’sand. For the greater 
part of his early life in the foundry he had been 
concerned with green sand work for both heavy 
and light castings, and the sand was not milled 
because it did not need it. It was in its natural 
state as regards texture and grain size, and only 
required milling when used for bench work. 


Splitting Up the Moulder’s Trade. 


On the controversial subject of the standardisa- 
tion of moulders, his idea would be to train ram- 
mers, finishers and closers in all foundries. There 
was nothing new in that principle. As the engi- 
neering trade had developed the workers had split 
up into fitters, millers, drillers, and so on, The 
glass bottle trade had been split up years ago. The 
foundry trade would have to come to that, and 
there were men in the foundries at present who 
did nothing but finish and close. When he had 
spoken of the training of the moulders and the 
standardisation of the rammers, the idea he had 
had at the back of his mind was that the wage 
earner to-day was not taking any interest in the 
business; it was not his life-work, in the sense 
that it was in earlier times, but was ‘merely 4 
means of earning a living. No man to-day made 
it his life’s work, as did the craftsman of earher 
days, who was not content to finish at 5.30 p.m. 
The same remarks applied to the employer. There 
were very few men like Henry Ford, and the em- 
ployer looked forward to finishing his work and 
leaving himself free for his golf, his evenings out, 
and so on. Afier all, that was quite natural. 

Mr. R. J. Suaw, proposing a vote of thanks to 
Mr. Cooper for his paper, said that he had not 
discussed the paper because in his own foundry 
75 per cent. of the suggestions made by Mr. Cooper 
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were carried out. A question which had not been 
mentioned, however, was that of the splittin i 
boxes at the corners. Heavy boxes, when they 

been used about twice, split at the corners, and ef 
was difficult to patch them up sufficiently strong 


to be quite safe, but he thought the method indi- 


cated by the lecturer an excellent way of getting’ 
over the contraction strains which caused the. frac- 
ture. He understood that what was done was to 
core a slot out of the corner forming a flange on 
the inside of the side of the box, and afterwards 
fill the slot with packing and bolt the side flange 
and the end of the box up. He himself put a 
round core in.the boxes, but he had known heavy 


- boxes, with a great many bars in the top part, 


and which one could not prevent cracking. 
Mr. J. W. Dunn, who seconded, pointed out that 


- standardisation was very difficult in a jobbing 


foundry, where in one day one had to cast a 
hydraulic cylinder, a few machinery castings, thén 
fire-bars and buffer plates, and finally bed blocks. 
In such a foundry, running 20 tons of metal a 
day, with instructions from the management that 


‘nobody was to be in the shop after 5 Piclece 


standardisation was difficult. 

The vote of thanks was accorded with paolo 
tion. 

Mr. Cooper, responding, said that many people 


_ had not even thought about many of the things 


referred to in the paper, and much could be done 
in the direction of standardisation. One could not 
have standardisation, however, unless one was pre- 
pared to pay for it. In his view there was more 
room for standardisation in the jobbing foundry 
than in any other, because it was the lack of 
standardisation in the Jobbing foundry which was 
responsible for the ridiculous prices quoted to-day. 
There was no system in such foundries, and the 
purpose of his paper was to urge the trade to get 
down to some standard system of working. 
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RECURRING FOUNDRY PROBLEMS « 


By D. Wilkinson, Member. 


The art of founding has been described as 
making a hole in sand and filling it with molten 
metal. For brevity, this definition has much to 
commend it’; and if its accuracy were commensu- ~ 
rate with its brevity, the title of this Paper would 
never have arisen. 

The object of the founder is to produce a metal 
article of a predetermined shape which shall be 
of a uniform composition and solidity. His diffi- 
culties and problems arise from the high tempera- 
tures at which he has to manipulate the metal he 
uses. In preparing the metal, transferring it to 
the mould, and cooling it to the normal tempera- 
ture, many conditions arise which militate against 
uniformity of composition and solidity; and to 
control these conditions adequately requires a care 
and forethought that can only be realised by daily 
contact with them. 

It may be well to commence by defining the 
qualities required in the castings produced. It 
is desired to produce castings which shall be uni- 
form in composition and solidity. By a casting 
of uniform solidity is meant one which is definitely 
free from internal voids. To define uniform com- 
position is not quite so easy. It can hardly be 
said that every part of a casting shall consist of 
the same material, since cast iron is made up of 
constituents which vary widely in their compo- 
sition and properties. So it may be said that 
every part of the casting should consist of the 
same proportions of the various constituents which 
make up the cast iron in use. 

It is quite safe to say that with the present 
foundry and metallurgical ‘knowledge it is not pos- 
sible to take a pattern, and from it to produce 
one hundred castings which shall be identical in 
every respect. If anyone thinks differently, let 
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him try the experiment, and at the end he will be 


a wiser man, The conditions of success are So 
elusive that, despite the closest control, varia- 
tions will slip in. Not all the variations that 


occur destroy the utility of a casting; but we 
are all too well acquainted with undesired results 
that prevent a casting fulfilling the purpose for 
which it was made. 


When variations arising from carelessness or 
from want of skill arise the remedy is obvious and 
needs no discussion. But when defects of this 
class are completely eliminated, there remains an 
irregular proportion of variations which consti- 
tute a problem taxing the highest skill and know- 
ledge. The present Paper is a contribution to 
the study of this problem. 


It will be noticed the word variation is used 
rather than defect. The reason for this is that 
any departure from a complete uniformity is to 
be avoided as far as possible. The aim of, the 
founder should be to secure a product which can 
be relied upon to function in an entirely satis- 


factory manner. Tt should not be considered 
sufficient to produce a casting which is just suffi- 
ciently good for -its purpose. It is desir- 


able to produce’ castings which will function, not 
up to their own limiting strength, but up to the 
limiting strength of the material from which they 
are made. As foundry craftsmanship, metal- 
lurgical knowledge and designing ability develop, 
so will the reliability of castings increase, and 
-foundrymen must always keep before them the 
ideal of reproducing in their work all the best 
qualities of the material they use. Only along 
this line can real advance be made. 


As it is an open question where foundry troubles, 
and the resulting problems, really commence, we 
will begin by considering the pouring of the metal 
into the mould. It is not proposed to take account 
of evils arising from the entrainment of air, carry- 
ing of slag into the casting, or the partial break- 
ing of the mould by the weight of the iron, as 
these things can readily be prevented. But when 
good iron is properly cast into a sound mould, 
actions and reactions occur which are not yet 
fully under the control of the founder. 
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Typical Reactions. 

In a green sand mould there is always a cer- 
tain amount of surface erosion due to the heat 
and motion of the molten iron. If the mould is 
carefully made, the amount of material abraded 
as a fine dust may be small, but it will certainly 
be present. As the surface of the mould is dried 
by the molten metal, the generated steam is decom- 
posed by the iron, forming hydrogen gas and mag- 
netic oxide of iron. 

: 4H,0 + 38Fe = Fe,O, + 4H,. 

The gas burns at the joints and vents of the 
mould, but the oxide remains behind in the metal. 
As the oxide is carried up by the iron there is the 
possibility of further reaction between it and 
silicon and carbide of iron, forming in the one 
case silica or ferrous silicate and in the other 
carbon dioxide, or probably a mixture of oxides 
of carbon. & 
Si, + Fe,0, = 28i0, + 3Fe. 
The reaction will most probably go further and 
ferrous silicate will be formed ;— 
28i, + 3Fe,0, = 4FeSiO, + 5Fe. 

Occasionally, ferrous silicate formed in this 
manner may be mistaken for slag carried by the 
metal from the ladle. 


In a small mould these reactions may be so 
limited that they can be ignored with safety ; but 
their effect in a medium or heavy casting may be 
attended with serious results. As these lighter 
bodies float on the rising surface of the iron they 
agglomerate into large masses which, by design or 
by good fortune, may be carried into the risers; 
or they may adhere to the side of the mould, or be 
caught under a core or a projection of the mould, 
or come to rest in some eddy of the liquid metal 
and be covered and remain hidden as the mould 
fills. 


Flat upper surfaces of heavy castings frequently 
show traces of this scum or scoria. Irregularities 
in the skin of the upper surface are seen; and if 
these parts are machined, patches of so-called 
‘‘ dirt? are revealed, which even when they are 
not directly harmful, detract from the appearance 
of the casting. 


Troubles fous Seath Ticlustone. 


Most foundrymen are able to recall some large 
and expensive casting which, when taken from the 
mould, appeared to be perfect; so much. so that 
it was a pleasure to look over it; but, which upon 
machining was found to contain in some unex- 
pected place a patch or mass of scoria which com- 
pletely ruined it. In the writer’s opinion quite a 
number of defects which have been ascribed to 
liquid contraction or to gas action, would be 
found, upon careful examination, to be due to 
this cause, 

There is no difficulty in observing the formation 
of this scoria or scum. Most open sand castings 
will provide very good examples. In engineering 
establishments use is frequently made of bars of 
cast iron of various diameters. The writer has. 
regularly been called upon to supply these articles 
in all diameters up\ to eight or ten inches. The 
larger sizes are usually cast in green sand, with a 
bottom runner, cut tangentially. The riser used 
is about. 75 per cent. of the diameter of the bar 
and about 25 per cent. of its depth. Invariably, 
as these bars are cast, a mass of scum may be 
seen to form in the centre of the whirling metal, 
finally coming up the riser right out of the cast- 
ing.’ It would be cheaper to make these bars with 
an open top and pour the metal directly into 
them; and when this is done, a bar may fre- 
quently be made which shows no trace of scum on 
its surface. But metal cut from these bars some- 
times has expensive machining operations done 
upon it; and it is the writer’s experience that a 
bar cast with a bottom tangential runner, and a 
riser that will allow the scum to be floated right 
out of the casting, yields an article which gives 
greater satisfaction to the machinist and reduces 
trouble to a minimum. 

To remove these scoria-forming materials from 
the casting, or to prevent their agglomeration into 
masses of serious dimensions is sometimes very 
difficult. As in the bars just instanced, it may be 
possible by a definite arrangement of runners and 
risers to lift or wash out of the casting either the 
whole or a portion of the scoria. Or, again, it 
may be possible to arrange the gates so that the 
scoria may be broken up and its collection into 
dangerous masses or places prevented, 
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But it is hardly possible, in a casting of more 
than a small size, entirely to prevent its forma- 
tion. As a last resort it may be necessary to dry 
the mould to minimise the trouble; as in a well- 
blacked and thoroughly-dried mould the abrasion 
of the mould by the metal, and the reactions 
between the metal and steam and its products will 
be reduced to a minimum. © 

When the mould is filled with metal, other agen- 
cies begin their work. Again, all defects arising 
from irregular ramming, imperfect venting, or 
over-damp sand, are omitted, as these are easily 
preventible, and should not occur. 


Blow-hole Defects. 


On machining the upper surface of a casting 
one sometimes finds a number of small rounded 
holes which are quite smooth and which seen to 
have resulted from bubbles of gas in the metal. 
Frequently traces of scoria are intermingled with 
these bubble-holes. Badly-melted, oxidised metal 
is a prolific source of this trouble; but cases fre- 
quently occur in which this explanation does not 
satisfy a thoughtful founder, anxious to arrive at 
a correct understanding of the cause of the defect. 
When a number of castings are poured from one 
ladle, and some are found to contain this defect 
while others are free from it, to look for the cause 
in the cupola practice does not seem quite the 
proper action to take. 

Sulphur is frequently selected as the culprit; 
but this explanation can hardly be considered 
satisfactory. Well-made malleable castings may 
contain up to 0.4 per cent. of sulphur and yet be 
quite sound and free from this defect; so it is 
difficult to see how, say, 0.15 per cent. sulphur 
should cause it when 0.4 per cent. does not. More- 
over, no reaction between ferrous or manganese 
sulphides and the usual constituents of molten iron 
can be conceived which will liberate a gas as one 
of its products. 

Entrained-air may be one of the causes. If the 
runner bush is allowed to empty itself when the — 
mould is nearly filled, it is quite possible the injec- 
tor action of the metal falling down the partially 
uncovered gate may draw in a quantity of air. 
some of which will be retained unless the metal 
is fluid enough to allow it, to escape, 
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/ But there is no doubt in the writer’s mind that 
the reaction between the oxide of iron formed dur- 
ing casting and carbide of iron present is the usual 
cause of this trouble. It is difficult to see how 
this reaction and consequent liberation of gas can 
be avoided in any casting of medium weight which 
takes more than a few seconds to pour. The gases 
burning at the vents is complete evidence of the 
formation of oxide in the casting; and _ the 
secondary reducing reaction can hardly be pre- 
vented. Jt is safe to assume that when the mould 
is filled with metal, any further oxide formed will 
remain in contact with the mould and will not 
enter into the casting. Oxide already in the metal, 
if reduced by carbide of iron will liberate oxides 
- of carbon, which will rise through the molten 
- metal. Provided the metal is hot enough to pre- 
vent the immediate formation of a skin where it 
hes against the top of the mould, these gases will 
escape and all will be well. But if the metal hap- 
pens to be cool, a skin may form before the re- 
action is completed, and then the gases will be re- 
tained immediately under the surface of the cast- 
ing to be exposed on machining. 


Importance of Magnetic Oxide Reaction. 


It is on account of the formation within the 
mould of magnetic oxide of iron (Fe,0,) and its 
subsequent reduction, partially by carbide of iron 
with the liberation of oxides of carbor, that the 
foundry axiom of pouring hot to secure a clean 
casting has arisen. With hot metal, the secondary 
reaction is completed before the skin of the cast- 
ing is frozen against the mould and: so the gas 
bubbles escape. Also, with a highly heated iron, 
although more oxide may be initially formed, its 
reduction will be more complete; and its complete 
removal and the escape of the resulting gases yields 
a sounder casting. Writs 

It will be noticed that the defects arising from 
these reactions are similar to the defects arising 
from metal oxidised during melting. This metal 
will contain ferrous oxide, FeO; and its reaction 
with carbide of iron will yield gaseous oxides of 
carbon exactly as the Fe;0, does. But the two 
causes are quite distinct; and it is certainly unwise 
not to differentiate between the causes, even if 
the results are identical, 
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After the mould has been successfully filled with 
clean, hot iron, some of the more recondite foun- 
dry troubles begin. It is not an easy matter cor- 
rectly to visualise the behaviour of cast iron dur- 
ing solidification. Considering the variety of cast- 
ings made in the average foundry, the vari- 
ables introduced into the problem of solidification 
approach infinity. But certain broad principles 
are recognisable, and if these can be grasped and 
the variables grouped around them, the problem 
will be simplified. 


Solidification Voids. 


Interesting though the subject is, it is not pro- 
posed in this Paper to deal with the metallo- 
graphy of cooling cast iron, but space will be 
occupied ‘in considering the foundry, rather than 
the laboratory, aspect of the, matter. The forma- 
tion of voids in the metal during solidification, 1s 
the chief concern. : 

Internal voids, or cavities, which are not due to 
mould or core disturbances, are usually called 
“draws”? by most founders, and are considered 
due to contraction. A distinction is frequently 
drawn between liquid and solid contraction. While 
it is convenient to assume this distinction, it,does 
not indicate a difference. “The action is the same ; 
but in the one case it concerns molten, and in the 
other frozen metal. Of recent years the action of 
occluded and dissolved gases in the formation of 
internal cavities has been studied; and much evi- 
dence of the action of these gases has been 
adduced. The opinion seems to be gaining ground 
that they are responsible for most, if not all, the 
internal cavities not due to cores or moulds. 

It has for some time been the writer’s opinion 
that the effect of occluded and dissolved gases in 
east iron has been considerably over-rated. If, in 
properly melted metal, occluded and dissolved 
gases can give rise to serious defects, it would 
appear impossible to make sound castings from 
cupola metal. It is sometimes said that perfectly 
sound castings do not exist; but the writer cannot 
agree to this. Castings are made in large numbers 
which are so thin in section, so extensively 
machined and so carefully tested, that it is impos- 
sible any internal unsoundness should escape detec- 
tion, It is not claimed that 100 per cent. of the 


CaF oct Me 


castings made are perfectly sound; but it is defi- 
nitely stated that the machining, testing, and in- 
spection to which many types of castings are sub- 
‘jected, is so extensive and severe, that those which | 
suryive and go into service can be guaranteed free 
from internal unsoundness. 

If, then, it is possible to produce castings free 
from internal unsoundness, the action of gases in 
properly melted cast iron must either be negligible 
or very easily controlled. Which of these alter- 
natives is correct? 


,  Occluded Gas Unimportant. 


Occluded gases as a direct cause of cavities may 
be dismissed. An occluded gas is one which is dis- 
solved by a metal on melting and retained on 
solidification. If the definition is correct, this part 


of the question settles itself. The metal contains | 


the gases when molten; but it also contains them 
when solid. They may be extracted from the cold 
metal in considerable volume by suitable treat- 
ment; but they are not liberated by solidification. 

A metal, however, may hold gases in solution 
while molten and eject them upon cooling. If a 
small piece of silver is melted, withdrawn from 
the furnace and allowed to cool in air, as the sur- 
face solidifies the gases dissolved in the metal will 
break through the skin, carrying a portion of the 
still liquid interior with them. Usually this ejected 
metal adheres to the button of silver; but some- 
times the evolution of gas is so violent that a por- 
tion of silver will be thrown some little distance. 

Nothing like this ever occurs during the solidifi- 
cation of good cast iron when poured into a good 
mould. The writer has fed, and watched the feed- 
ing, of so many castings that he can categorically 
state that well-melted cast iron does not normally 
eject gases upon solidification. If there is any 
gas ebullition from a feeder, a riser or a runner, 
it can invariably be traced to cause other than the 
metal. 

An easy experiment will prove this, if proof be 
needed. Let a clean, thoroughly-heated shank be 
taken, filled with molten iron and set down to 
cool, The closest observation will not perceive 
any liberation of gas during the whole time of 
freezing. 
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The cavity-forming action of gases initially 
present in the iron is secondary, not primary; and 
if the primary actions are prevented secondary 
gas action cannot occur. The action of occluded 
gases is not negligible, but is easily controlled. 
The primary cause of cooling voids is inefficient 
feeding during contraction. 


Solidification Action Analysed. 


Consider the solidification of two plain ‘east- 
ings: one an open sand plate, 2 ft. sq. and dante 
thick, and the other a block 2 ft. cube. . It is 
common knowledge that the plate will contract 
much more than the cube. The reason for the 
reduced contraction in the cube is also common 
knowledge. Assuming the larger casting loses heat 
uniformly, there will be a time in its solidification 
when a ékin some inches in thickness will enclose 
a still liquid interior. This liquid interior will 
evidently exert a tremendous opposition to the 
contraction of the skin, and this opposition will be 
reinforced by the expansion which occurs as the 
metal steadily freezes. The opposition of these 
forces having prevented the normal contraction of 
the skin of the casting, it is evident that as the 
liquid interior freezes and is reduced in volume 
the skin will not be able to foilow it up, and so 
a void or voids will inevitably occur. As these 
voids form out of contact with the atmosphere, a 
vacuum would exist in them were it not that 
occluded gases are liberated under the influence 
of heat and reduced pressure. So that as the 
voids form they are filled with gases liberated 
from occlusion in the solidified skin or solution 
in the liquid interior. 

It has been assumed that the cube of iron 
measuring 2 ft. each way has been cooling 
uniformly on each surface, but it is known that 
in a casting of this size cooling cannot be uniform. 
The plate, 1 in. thick, will be still liquid in the 
middle when the corners and edges are frozen, 
and when these have cooled to a black heat the 
middle will still retain its redness. There will be 
a somewhat similar want of uniformity in the 
cooling of the cube. The edges and corners will 
cool more rapidly than the sides, and owing to 
the upward flow of heat the top will cool more 
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slowly than the sides. If the mould is filled with 
uniformly heated metal—that is, so filled that no 
‘‘hot spots’ are formed, and no riser is pro- | 
vyided—one will inevitably find a large depression — 
on the upper surface sloping down to an internal 
cavity. The contraction voids will have been 
partly filled up by molten metal from the middle 
of the top surface. 

If the metal is poured through a single large 
side-runner, still without providing a riser, the 
resulting cavity will take a different form. The 
passage of the whole of the metal over one part 
of the mould will superheat that part, and this 
superheat, added to the actual heat of the metal 
in the heavy runner, will form a ‘‘ hot spot’ that 
will take part in the feeding of the contraction 
void. It may probably be found that the top of 
the casting is flat and apparently solid; but there 
will be an internal cavity directly communicating 
with the gate. The contraction void will have 
been partially filled up with metal from the ‘ hot 
spot.”’ 

In each case it is probable that during | the 
formation and partial feeding of the -voids © 
reduced pressures will have liberated gases from 
the metal, and these gases may—have left traces 
of their passages out of the casting. But the point 
to be borne in mind is that it is not the gases that 
have made the void, but the void that has liberated 
the gases. 

Again, if the casting is poured in such a manner 
that the formation of a ‘‘ hot spot ’’ is prevented, 
it is provided with an efficient feeding head, and 
the contraction is followed up with an adequate 
supply of hot metal. If this is done no argument 
is needed to prove that a sound casting, free from 
contraction voids, will be secured. Moreover, 
during the whole period of solidification, there will 
not have occurred the slightest evidence of gas 
ejectment from the metal. The difference in 
texture between the middle and the outside of 
castings of this nature is not concerned with the 
formation of cooling voids, but with grain growth 
and graphite formation. 


Hot Spots. 


The term ‘hot spot ’’ has been mentioned as 
bearing upon the question of solidity. By a ‘ hot 
spot” is meant a part of a casting which does 
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not cool at the same rate as the adjoining parts. 
This retarded cooling may be due to several causes. | 
Where a large quantity of metal flows over one 
place, as in a single gate on a large casting, the 
heating of the sand may retard the cooling of the 
metal and form a hot spot. By dividing up the 
gate, or by locating it on a thin part of the cast- 
ing, the extra heat given up to the sand can 
usually be dissipated before the casting solidifies. 
Frequently, especially in castings of medium 
weight and varying section, hot spots are found 
to develop not so much by the flow of metal as 
by obstructed radiation during solidification. 
Before putting a pattern into work it is a good 
thing to consider how the flow of metal in the 


mould will affect its cooling and which parts are 
likely to retain the heat longest, since these 
parts will give most trouble. The drawing of 
isothermal lines will greatly assist in settling the 
relative speeds of solidification, but the accurate 
drawing of these lines on any but the simplest 
forms of casting is a matter of some little diffi- 
culty. It is much easier to draw radiation lines. 
These lines will show with certainty the relative 
speed of. solidification, and much information can 
often be obtained from them. 

Take the end elevation of an ordinary angle 
plate (Fig. 1) as an easy example, and draw short 
lines at right angles to its surfaces. Wherever 
these lines are open, cooling will be rapid, Where 
they cross, cooling will be retarded and the metal 
will remain liquid for a longer period than in the 
other parts of the vasting. It will be noticed they 


cross at the re-entrant angle on the underside of 
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the angle plate, and here, retarded cooling will 
form a hot spot as the casting solidifies. These 
lines may be considered to represent the paths 
along which heat will be radiated from. the 
' \easting. 

Drawing radiation lines of this character and 
from them locating hot spots not due to gate 
action, has provided for the writer an adequate 
explanation of a type of drawhole for which, for 
a long time, he could not satisfactorily account. 
In small- and medium-sized castings of. irregular 


shape one sometimes finds drawholes running 
upward into the heavier parts. The point in ques- 
tion was why a drawhole should form against the 
force of gravity. It is easy to understand that 
metal may feed downwards from a hot spot, or 
riser, into a contraction void, but it is not so 
easy to understand why a drawhole should form 
upwards into the casting. The angle-plate just 
mentioned will sometimes provide cavities of this 
nature in the re-entrant angle. 

The question arose with the writer during the 
early days of his apprenticeship. A considerable 
number of castings weighing about 10 lbs. each 
were on order, and the trial castings all con- 
tained a drawhole on the lower side of a flange. 
The part of the casting affected is shown in the 


sketches (Fig. 2). The defect was easily removed 
by increasing the fillets in the angles and altering 
the shape and location of the gate. But the ques- 
tion why the void should form against gravity 
remained, and occasionally cropped up again with 
other castings, and it was some years before an 
explanation was arrived at that satisfied every 
point. 

The defect under consideration could not be. 
due to a badly-vented core, since it did not com- 
municate with the cored hole; and many other 
instances were noted in castings which were not 
cored. Blowing from the mould did not satisfy 
the objection that the hole was evidently formed 
when the casting was on the point of complete 
solidification, as otherwise it would have gone 
right through to the top. If the hole was formed 
by mould gases when the casting was almost solid, 
what had become of the metal which originally 
filled the hole? That defects of this character are 
formed while the metal is freezing is proved by 
the presence of dendrites, or fir-tree crystallites, 
which can usually be found in their interior. 


Diagnosis by Isothermal Lines. 


While studying the cooling of masses of metal 
it occurred to the writer to draw heat radiation 
lines from the surfaces of the masses _ being 
studied, to assist in drawing isothermal lines of 
correct contour. Afterwards applying these lines 
to a casting in which a drawhole similar to the 
one under discussion had occurred, showed that 
three sets of radiation lines met in the angle. 
Evidently there would be considerable interference 
with the radiation of heat during cooling, and a 
hot spot would be formed as the metal began to. 
solidify. A little further thought provided, a 
solution which completely satisfied every objection. 
The metal in the casting under examination, as 
was also the case in the casting shown in Fig. 2, 
was a common phosphoric iron with a rather 
lengthy freezing range. Without doubt, a con- 
traction void had formed in the top flange near 
the hot spot, and into the vacuum thus made 
occluded gases had been liberated. The ‘high tem- 
perature at which these gases existed had given. 
them considerable pressure, and they were able to 
force their way downward through the semi-molten 
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metal in the hot spot, driving the still. molten 
portion behind them into the void, where it solidi-, 
fied, while they escaped into the mould. In this 
way a ‘draw hole’’ is formed against the force 
of gravity. 

In defects of this character it is nota case of 
mould gases blowing into the metal; but of 
occluded gases, liberated into a contraction void, 
blowing through the semi-molten metal of a ‘hot 
spot into the mould. : - 

Hot spots formed by retarded cooling during 
solidification are’ sometimes partly responsible for 
a very different form of defect. An example will 
assist us in forming an opinion. The sectional 
sketch of a monobloc shows a fault which it is 
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thought is not entirely unknown to makers of these 
castings. - 

A sectional casting (Fig. 3) containing this fault 
was here exhibited. The defect which varies in 
extent in different castings occurs about half-way 
down the barrel near the junction of the water 

jacket. At times it is revealed as a distinct 
hole after machining. Occasionally it forms a 
slightly porous place which leaks under water test. 
Sometimes the casting may pass the water test 
without a trace of a jeak, but examination under 
a strong light shows a small discoloured patch on 
the machined surface. The sectioned casting did 
not leak when water-tested, but the discoloration 
was visible when it was examined under an electric 
light. 

It is the writer’s experience that this defect, 
however slight it may be, always leads to the 
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immediate rejection of the casting, and the inspec- 


_ tion staff seems to be very well acquainted with 


the place at which it occurs. 
The defect has been ascribed to blowing from 
the core, due to imperfect venting. It has also 
been ascribed to segregation resulting from the 
increased section at the junction of the jacket and 
barrel. These explanations never satisfied the 
writer, as they did not account for the fact that 
when the defect was slight it always occurred 
below the thickest part of the junction and imme- 
diately below the top of the jacket. It would 
appear that if the defect were due to segregation 


it should be located in the thicker section instead — 


of below it. If due to blowing from the core, 
again it would appear the defect should show in 
the thicker section, or eyen in the jacket itself. 


Segregation as Cause Discounted. 


“Once more the drawing of radiation lines led 
the way to a solution which satisfied the objections 


to previous reasons. Examination of the radia-' 


tion lines shows that in the upper thin part of 
the jacket core they converge and cross to an 
extent that indicates the formation of a hot spot 
as the casting solidifies. It will also be seen that 
this hot spot will be located, not where the jacket 
joins the barrel, but immediately below it, exactly 
where the defect occurs. Evidently there is a con- 
nection between the defect and the hot spot. 
Granting the existence of a hot spot, where the 
metal will remain semi-liquid for a few moments 
after the adjoining parts have solidified, why 
should it be defective? A careful examination 
brings the conviction that segregation is not the 
cause, Even when the defect is so slight that no 
leak will oceur, the action of gas can hardly be 
doubted; and when the defect is large enough to 
show up clearly, the passage of gas is obvious. 


~Why should the core—which is an oil-sand one— 


give off gas into the metal when the temperature 
had fallen so much that the greater part of the 
casting had solidified, if it did not do this while 
all the metal was molten and at a higher tem- 


perature? It is quite evident the defect did not 
‘form until the jacket and its junction with the 


barrel were solid, as these parts are quite sound ; 
/ 
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and had they’ been still liquid the gas would have 
passed into them. 

The main vent of the jacket core passes within 
about 14 in. of this defect; and as the main vent 
in a core of this description is usually made as - 
large as possible, it is not entirely a question of 
venting. It can be seen that it is rather 
difficult thoroughly to evaporate and _ oxidise 
the binder in the thicker sections of the 
core without burning the thinner sections; and 
if the oxidation is not complete, in every part, the 
heating up of the core by the metal on casting 
will give rise to an excessive internal gas pressure 
as the oxidation of the binder is completed. It 
will also be seen the pressure will not be greatest 
immediately on casting, but will increase as the 
heat penetrates into the thicker sections where 
the binder is still partially unoxidised. As the — 
casting solidifies, the ferrostatic pressure on the 
hot spot will be reduced; and if the pressure at 
this point falls below the pressure of gas in the 
body of the core, then gases, in addition to pass- 
ing out of the vent, will also pass into the part 
of the metal which is still liquid. 

This, the writer considers, is the explanation of 
the defect under consideration; and it suggests its 
own remedy; a thorough oxidation of the binder 
used in.the core. 

A hot spot, we may safely conclude, is always 
a potential source of trouble; and so should be 
carefully watched. It is not always easy to locate 
these points and to prevent them giving rise to 
defects, but a few general principles may assist in 
minimising their effects. 

The gate should be located as far away as pos- 
sible from any place where retarded radiation can 
occur. Gas pressures should always be prevented 
in these places. The grade of sand and the ram- 
ming of the mould should be carefully watched ; 
remembering that the denser the mould the more 
difficult it will be for heat to radiate. 


Chills Suggested as Remedy. 

An alteration to the contour of the pattern, 
where possible, will often remove the difficulty: 
not merely covering it, but curing it completely. 
Thorough venting frequently provides a remedy. 
In this case the venting serves a double purpose. 


643 


Not only does it relieve gas pressure, but it pro- 
vides an easier path along which heat can radiate. 
Take the case of the angle plate mentioned above. 
(Fig. 1.) If a slot could be made through the 
bottom of the mould to within a quarter of an 
inch of the reentrant angle, it is evident the 
cooling of this part would be hastened considerably. 
In a minor degree, venting on to a hot spot acts . 
in the same way as a slot. Failing other mea- 
sures, a chill, or densener, will provide an effective 
remedy. 

Needless to say no claim is made that foundry 


- problems have been dealt with in an exhaustive 


manner. The subject is already vast in extent; 
and as research opens up new fields it continually 
extends. But it was considered better to confine 
the scope of the Paper and handle a few of the 
problems at some little length rather than dis- 
cursively touch upon many. Foundry practice is 
filled with problems of the deepest interest; and 
when the worrying side of these problems can be 


overcome, thought expended on their solution is 


abundantly repaid by the satisfaction that accrues 
from a consciousness of work well done. 


ee 


DISCUSSION. 


Mr. F. H. Hourren, referring to cooling, asked 
Mr. Wilkinson if he had ever had a similar experl- 
ence to the following. “‘ You cast,’’ said Mr. 
Hurren, “ say a dozen, or eighteen castings of a 
particular pattern on a day. They are all 
machine-moulded, the cores, as far as one can tell 
are made by similar methods, the coring-up 1s 
similar so far as humanly possible, the tempera- 
ture of the metal which is poured into the mould 
is the same, and yet one is porous and the others 
are all sound. The porosity is not in the ordinary 
nature of a draw; it is simply a patch of black 
and spongy metal which will not stand up to the 
water test.” 

Mr. J. V. Morray thanked Mr, Wilkinson for 
his practical Paper, and said that although he did 
not quite agree with some of his conclusions a 
strong case had been made out which might prove 
to be correct. Mr. Wilkinson had gone a long 
way towards proving the connection between the 
defect and the hot spot. It was his (the speaker’s) 
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opinion that as the metal froze it pushed certain 
impurities towards the centre. © Although Mr. 
Wilkinson ruled out segregation there was no 
doubt it was occurring between the crystals. 

The Cyarman (Mr, A. Harley) said the 
Paper ‘illustrated the fact that. foundrymen 
. nowadays had to exercise very minute obser- | 
vation of defects and scientific theories had 
to be found to account for them. The more 
numerous such papers were, and the more 
information was available, the more certain 
they were to arrive at the real cause of defects. 
If the constitution of cast iron were simplified 
they. would avoid most of the troubles in cooling 
down, as well as contraction difficulties and draws. 
When they considered the structure of cast iron 
and its many constituents, all with different melt- 
- ing points, it was easy to understand why they 
experienced so many difficulties with castings. 
With regard to phosphorus it was the pretty 
general practice to keep the phosphorus very low. 
By keeping down the phosphorus in cylinders they 
practically eliminated all troubles. from draws 
occurring through inequalities of section, 

Mr. WILKINSON, in replying to the discussion, 
said he would be the last man in the world to say 
that sand did not cause defects, because he knew 
to his sorrow that it did. But in the case men- 
tioned in the Paper he did not think it was so. Jt 
was not the case of the gas flowing up to the spot 
exactly, because the pressure was even throughout 
the whole body except in the immediate vicinity 
of the vents. He was glad to know that on the 
whole his hearers thought the theories he had 
advanced were tenable. 

On the motion of Mr. Hurren, seconded by the 
CHAIRMAN, a hearty vote of thanks was accorded 
to Mr. Wilkinson. 

Mr. D. H. Woop, in proposing a vote of thanks 
to the Chairman for presiding, expressed regret 
that there were not more Birmingham members 
present and also that Coventry was not better 
represented, , 

Mr. Lanz seconded the motion, which was 
endorsed by the meeting. : 
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’ Sheffield and East Midlands 
Branches 
(JOINT MEETING). 


Aa 


LIFTING AND SHIFTING APPLIANCES IN 
FOUNDRIES. 


By H. H. Moore, Member. 


The wise man, long ago, said, “‘ Where there 1s 
no vision the people perish,’ and this wisdom 
applies to the foundry industry as well as to more 
general forms of activity, so, in planning new 
foundries, or making changes in old ones, let us 
look ahead, and see where economies can be 
effected and production increased. Of course, the 
old plant in some of our foundries works, but it 
is slow and inefficient; it eats up the cost of itself 
year after year, because somebody will not see the 
losses or will not have the courage to consign it 
to the scrap heap. 

It has been stated in recently published reports 
by prominent foundry engineers in the United 
States of America that in one automobile foundry 
some 69 tons of material are moved once for each 
ton of castings produced. In another automobile 
foundry 55 tons of material and equipment are 
moved to each ton of finished castings—and that 
in a bath-tub foundry 137 tons of material are 
handled for each ton of castings produced. A 
large jobbing foundry in the U.S.A., it is stated, 
handles 200 tons of material for each ton of 
castings that get to the despatch department. 

Tur Founpry Trape Journay of January 22, 
1925, in a leader on the same subject, entitled 
“ Where Can the Maximum Economy in Foundry 
Practice be Effected? ”’ mentions ‘‘ that the manu- 
facture of one ton of grey iron castings involves 
handling 168 tons of material, and that probably 
in a malleable ironfoundry this figure would reach 
well over 200 tons,”’ and it is rightly suggested that 
“the efficient and economical handling of these 
materials offers a very profitable field of investi- 
gation for every foundryman.”’ 
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A very ‘interesting analysis covering the | 
handling of castings in a brass foundry, given in 
the form of a Paper presented to the American: 
Foundrymen’s Association. by Mr. T. C. Flinn, 
was published in Tas Founpry TrapE Journat of 
October 27, 1925, and is well worth careful perusal, 
as it shows that in a brass foundry having a total 
output of some 2,500 lbs. of castings per day, 152 
tons of material are handled to produce 1 ton of 
castings. 

There appears to be a considerable discrepancy 
in the figures mentioned, but, again, Mr. J. M. 
Primrose, of Falkirk, a valued member of the 
Institute, reading a Papert some time last year 
on ‘¢ The Conveyance of Material in the Foundry ”’ 
(with special reference to the production of light 
castings), stated that in a light castings foundry 
melting 30 tons per day the material handled is, 
in round figures, 255 tons, made up of:—5 tons 
coke; 30 tons pig and scrap; 10 tons new milled 
facing sand; 30 tons of molten metal; about 10 
tons gates and runners, and 20 tons of castings. | 

And allowing 1 ton of sand per moulder (which 
he says is understated), say some 70 tons of sand, 
handled twice, the total stated is reached. Mr. 
Primrose says ‘‘ eliminate some of the time in 
handling parts of this bulk, and a rise in the 
output of castings should soon be observed; the 
work done by the unskilled man in this foundry 
(if there is such a person) means 105 tons, com- 
prising coke, pig-iron and scrap, milled sand, 
molten metal, gates and castings, and it should 
not be difficult to invent some system which will 
at least materially reduce the non-productive 
labour.’’ 

The whole subject warrants careful attention 
and serious consideration, for while some foundries 
in this country are well equipped for the handling 
of materials, yet the majority have yet much to 
do in the way of necessary labour saving, speeding 
up, and cost cutting appliances. 

For any operation in handling of materials 
several methods of performance are sure to be 
found, and one will be found better than another 
for certain reasons, and less desirable for certain 
other reasons. At this point then the mind must 


+ FouNDRY TRADE JOURNAL, February 26, 1925, page 188. 


consider other things than ‘the operation itself, 
such as its relation to previous and subsequent 
operations, and its suitability for the particular 
requirements of the work, its period of usefulness, 
and so on, and, what is very important, the 
financial return on the investment. 

The tendency of the age is towards the conserva- 
tion of the natural resources of the world, and in 
handling of materials to the conservation of labour 
effort. 

When labour is high priced the necessity for 
apparatus is increased, and decides that machinery 
is necessary, where, if suitable labour can be 
secured, the operation would be performed by 
hand more cheaply than by plant adopted. 

Frequently it will be found in the handling of 
material that the advantage of reducing the 
physical effort is not only an economic advantage 
in that it directly reduces costs, but also that it 
reduces the number of men needed, and brings 
their work within the physical power for human 
effort. A man may lift 100 lbs., but he cannot do 
it all day long. 

Work must be really interesting before men will 
continue to do it well, so in securing handling 
economies the wise will avoid the necessity of 
handling operations wherever possible, and solve 
the individual cases thus reduced in number by 
the means that will keep down the labour effort 
and save the money in operating costs. 

The way to handle material cheaply is to avoid 
handling it at all, if such a state of things were 
possible. 

Whatever device is used in the foundry for 
lifting and shifting, the following two elementary 
principles should be borne in mind:—(1) In 
handling material carry out only the operations 
that are absolutely necessary; and (2) perform 
these operations in the way that secures the lowest 

cost. 

A large dredging contract in a harbour in 
China, let us say Hong Kong, was to be let some 
years ago. As hydraulic dredges are most 
economical, and usually do such work for the 
lowest cost, a representative of a large dredging 
company, realising there were very few, if any, 
large dredgers in China, thought that he could 
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underbid, and secure a valuable contract. On 
arrival at Hong Kong, however, he found that he 
was right, for there were no hydraulic dredges to 
bid against him. He had a fine one available, 
put he found also, to his chagrin, that ceolie 
labour was so cheap that a coolie could carry the 
earth out of the excavation in baskets on his head 
at so low a cost per yard that it was more 
economical to drive piles around the earth, pump 
out the water, and carry the mud by coolie labour. 

It is needless to say that the work was done by 
coolle labour, and that was the most economical 
method under the existing conditions, but such a 
state of things hardly exists to-day; this 
illustration will force on one’s mind the fact that 
the device that is most economical in handling 
material at one place, and under one sort of con- 
dition of labour and environment, may not be the 
most. economical in another place. This fact 
should always be borne in mind, for it is of vital 
importance, 

But under any set of circumstances there is a 
rule that applies to all handling problems, and 
one that can be depended on to aid the mind in 
selecting a good workable plan. It is in general 
terms nevertheless of great value, as all plans 


ean be tested by applying its principles. This rule 


can be stated as follows:—The material under 
operation should follow a direct route, from receipt 
or start on to final shipment or despatch, with as 
few retrograde movements as possible, and the 
articles being made or manufactured should go 
directly from operation to operation, or stage to 
stage, without rehandling. 

Commencing with the cupola, pig-iron and coke 
are mainly man-handled, first from the truck, . 
finally on to the charging platform, and thence to 
the cupola. There are many methods of charging 
in use, but worthy of note is a method originated 
in the U.S.A. in which the stockyard overhead 
travelling crane links up with an inside overhead 
traveller running over the charging platform, the 
yard crane and the charging platform crane, both 
travelling for their respective work on their respec- 
tive gantries, but both being of the transporter 
type, namely, each carrying a single joist, so that 
by means of a system of automatic stops the cranes 
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The yard crane A picks up pig and scrap from the railway truck 
by use of the magnet operated from the electric travelling hoist, and 
drops the material in the storage bins. From these bins, when charging 
the cupola, the material is delivered in small trucks, which are made up 
and weighed on the ground-floor scale D. The trucks are then pushed 
forward to the turntable following the direction of the arrows Only one 
cupola is charged or used each day. If No. 1 is in use the cars or trucks 
are placed in a line directly under the crane in the position shown. The 
charge to be used first is made up last, and the others, in sequence, are 
placed on the track until a day’s requirement is made up and in position 5 
FOUNDRY. on the track, reaching out directly in a line under the cupola to be charged. VIEW IN DIRECTION OF ARROW. 
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can lock up in one line, and an electric travelling 
hoist running on the bottom flange of the joists 
can be used right across the two, or separately on 
either crane, for the efficient handling of materials 
from the railway truck to the yard, and from the 

yard into the cupola. 0 

The outside crane in Fig. 1 (see folder) is used to 
unload all raw materials, either with a magnet or 
grab bucket. It serves also to make up the charges 
on suitable trucks on the ground track, and is 
used in conjunction with the inside crane to 
deliver the material directly from the ground track 
trucks to the inside of the cupola. 

When the ground-track trucks are filled, and 
arranged as shown in Fig. 1, the cycle of charg- 
ing operations is started by running the electric 
hoist or charger out along the outside crane, the 
magnet or bucket is dropped down, and the 
material, either coke or iron, is lifted up to its 
full height, so that the suspending rope and cable 
is sheathed well-within the frame of the hoist. 
The hook on the magnet is sheathed within the 
cantilever arm, so that swinging or damage to the 
hoist rope whilst the arm is in the cupola is 
avoided. The E.T. hoist: is then run forward off 
the yard crane to the inside charging crane, and 
along until the coke\bucket, or the iron on the 
magnet, as the case may be, is inside the cupola. 
The charge is then dropped, and the charging hoist 
returns to complete the cycle of operations. It 
is stated that by this method some 15 tons of iron, 
etc., per hour is easily handled from the ground 
to the inside of the furnace. 

The labour-saving feature of this arrangement is 
shown by a comparison with the old hand practice, 
formerly 24 men were required to handle the 
material for an output of 80 tons of iron per day 
from one cupola, this number of course, covering 
all the yard and charging floor labour necessary to 
handle all material from the railway truck to the 
storage piles, from the piles, or storage, to the 
ground track trucks, and from these trucks to the 
cupola (not merely cupola charging) making three 
separate lifts of the same material, or 240 tons in 
all. At present six men can make up and charge 
the required material to obtain the production. of 

80 tons per day of metal at the spout. 
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Coke is handled from the charging floor, or from 


the ground, as may be desired; a novel bucket, 


with a holding capacity of 400 to 600 pounds of 
coke, is set down by the coke storage, and filled 
by forking the coke into it./ This coke bucket 1s 
transferred to the cupola by use of the magnet 
which is dropped over the bucket, and depresses 
the hinged lid, this throws the hooks forward, 
which engage the top of th® magnet, and the ~ 
bucket can be lifted without fear of its being dis- , 
engaged until the hoist runs it into the cupola, 


when a pull of a hook disengages a latch, which 


allows the bottom of the bucket to drop ten inches 
on a central rod, and distribute the coke evenly; 
the bucket is then run out and put to work again, 
the action of the bottom touching the floor or 
ground being sufficient to close it up again. Now 
this system may seem only suitable for large out- 
puts, but it certainly opens one’s eyes to what 
might be done on a smaller scale for even medium 
size foundries, with very economical results. 

Another system, somewhat similar to the one 
just mentioned, and shown on Figs. 2 and 3, which 
describe even simpler schemes than the one out- 
lined in Fig. 1. Of course the electric hoist can in 
either case be used also with the skull-cracker for 
breaking up scrap. 

Self-acting chargers, operating from the ground 
floor are now more in evidence, and take the filled 
trucks, carry them up an inclined conveyor, and 
deliver the charges directly into the cupola, and 
they seem to have much greater possibilities for 
the smaller foundry. 

The fourth scheme, Fig. 4, is one used to advan- 
tage in this country, and is, in the author’s 
opinion, a very good one where melting is going 
on practically continuously, and overcomes the re- 
handling to a good extent. It uses two overhead 
runways, the lower one being operated either by 
hand, or an electric hoist, and the upper one being 
preferably of the electric type, but in this scheme, 
charges can be pre-arranged on the ground, or on 
the charging platform, as best suits the conditions 
obtaining; in either case tipping skips are used, 
charges made up on the ground, or ground floor, 
weighed in the skip, and transferred by the elec- 
trie hoist from the lower runway to the upper 


I 


runway, where the charging can be done direct 

into the cupola in a very simple manner. \ 
(Here some 40 views were shown of cranes and 

lifting gear of interest to the foundry trade.) 


Electric Cranes. 


Electric cranes are so well known that little need 
be said, but a Paper* recently read by Mr. Daniel 
Adamson is well worth perusal. Electric cranes are 
indispensable, and a foundry not properly equip- 
ped with its full quota cannot be efficient, Foun- 
drymen buying cranes should be most careful to 
get ‘‘ foundry cranes ’’ with proper creeping con- 
trol, or otherwise they will lose a great advantage. 

With regard to the type of hand-pulley blocks, 
and ruling out the type of block coming under the 
heading of differential in its varieties, it can be 
said that the geared self-sustaining hoist, or pulley 
block, operated by hand, still holds the field as 
the most economical device up to about 50 ft. of 


“lifting and lowering per hour, above this amount 


an electric or other power-driven hoist is the more 
economical. 

Fig. 5 shows the total operating cost of various 
types of lifting machinery, in pence, per hour, for 
a given number of feet of lifting and lowering per 
hour accomplished. The example is taken for 1-ton 
loads, and includes interest and depreciation. This 
diagram has been plotted for a hoisting mechanism 
pure and simple. 

In the case of cranes where the proportional costs 
of hand and power cranes is less, the power crane 
becomes economical much sooner, and it may be 
taken as a rough and ready rule that where the 


“amount of lifting and lowering per hour exceeds 


10 to 15 ft., it is wise to compare total operating 
costs with a view to deciding the most economical 


type to be employed. The greater the tonnage to 


be lifted, the sooner does a power crane become the 
best investment. 

Fig. 6 illustrates the range of economy of various 
types of lifting mechanism under various condi- 
tions. In general, while a plant is being served by a 
lifting gear, the plant is at rest or partially so. 
Consequently, standing charges of many kinds are 
proceeding without useful work being done to pay 


* Manchester Association cf Engineers. 
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‘these charges. The spaces between the curves 
show the range of economy of the several types 
for_various values of standing, charges proceeding. 
lt will be seen that as the standing charges in- 
crease the range of economy for the less speedy 
lifting mechanism decreases, 

One dominant fact is brought out by these 
curves, and that is:—It is the very worst possible 
policy, particularly in hand-lifiing machinery, to 
instal any other than a high-efficiency machine. 
These curves compare normal working costs only, 
and do not make allowance for the decreased safety 
and liability to breakdown, so very often found 
in the less efficient and badly made cheap type of 
lifting gear. 
Sand Handling. 
In general foundries where no automatic sand 
preparing and conveying system is in use, the elec- 
tric overhead runway (or when suitable the hand 
overhead runway) can be arranged to good advan- 
tage for delivering new milled sand, or taking out 
shaken out sand by means of electric travelling 
hoists, and automatically-operated grab, or tip- 
buckets, and some foundry managers of high re- 
pute rely upon this system. Many good examples 
of this method of sand transportation from the 
sand plant to any point required in the foundry, 
as also to feed special storage hoppers serving the 
core departments and light foundry, using in con- 
junction with electric travelling hoist a grab of the 
combined hand and self dumping type arranged for 
discharge when suspended by means of hand opera- 
tion, or cord, or automatically, can be found in 
use in this country. 


Battery Trucks. 
The electric battery truck, as a locomotive alone, 


‘for hauling trailers, with fixed or lifting platform. 


is a good distance-hauling medium for the periodic 
movement of unit loads, and serves its purpose 
well for traffic between buildings some distance 
apart, and when moving material of a character 
not adapted to the fixed conveyor economies, its 
use is dictated for widespread distribution to many 
points, great variety of materials, or where the 
movement is too light to support the larger fixed 
equipment. For comparatively long movements, 
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and those which must traverse variable routes the 
battery truck is finding a continually widening 
field of application. 

The effect of good internal transport in the foun- 
dry is very pronounced, eliminating delay, remov- 
ing strenuous operations, and allowing moulders to 
devote more time to actual production, and _ to 
expend their energy in the most economical 
-manner. Sand and molten metal are handled 
with facility, charging is reduced to a science, 
castings are removed to the dressing or fettling 
shops, and sand blast, with ease and facility, and 
moulding boxes and tackle are brought into use, 
and also rapidly removed, and properly stored 
when out of use. A foundry equipped with labour- 
saving devices for conveying materials can com- 
mand the best class of labour, as moulders, and 
others, are able to earn a better wage with less 
fatigue. The facility with which all waste 
material can be removed means cleaner foundries, 
and reduces waste to a minimum. 

Something more must be done in Great Britain 
to cut down productive costs, and it is the duty 
of all foundrymen to look closely and quickly into 
the means of securing a greater output at a less 
cost. Everything required for economical lifting 
and shifting can be bought in Great Britain; so 
buy British. 

The examination, as detailed above, of a 
monthly cost sheet of a small or medium-size 
general foundry engaged on light and medium 
work, with some repetition moulding machine work, 
having an output of some 93 tons of good castings 
per month approximately, at a shop-door cost of 
£13 5s. per ton, covering all internal cost, but no 
establishment charges, is, to be brief, on the usual 
lines of a foundry being part of an, engineering 
business producing castings for its own consump- 
tion. 

Under the heading of indirect labour there are 
‘general labouring,’’ ‘‘sand preparation,’’ ‘‘ pour- 
ing labourers,’’ ‘‘ shop cleaning,’’ etc. These items 
figure out at £57 5s. 10d, or 12s, 4d. per ton of 
good output. It is apparent serious economies 
have still to be effected here by the introduction 
of improved and additional material handling 
appliances. : 
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Now, take the melting cost, which also forms 
part of the oncost, this item figures ‘at 
£119 3s. 3d., or 25s. 7d. per ton of good castings, 
in this is found £41 3s. 11d. for cupola attend- 
ance, or 8s. 10d. per ton of good castings, so that 
there is a total labour oncost of £98 9s. 9d., made 
up as follows :— 


iis des 
General labouring 
Sand_ preparation | 57 5 10 
Pouring labourers 
Shop cleaning Oo we 
Cupola attendance ... ae Al; 3 11 
LOS ad ho 


or 21s. 2d. per ton in bare figures. 

These items really can be improved considerably, 
as also can the direct labour for moulding, which 
stands at £310 9s. 7d., or £3 6s. 9d. per ton, by 
the installation of more jib cranes of various types 
for the individual use of the moulders, together 
with a sand preparing plant, and in one section, 
a system of light transporter cranes to allow of 
the whole floor area being used to better advan- 
tage. 

The most serious obstacle to progress in this 
particular foundry is floor area, and it is realised 
that by allowing the moulders twice the working 
area they now have, so that the previous day’s 
work could be shaken out and cleared without in- 
terfering in any way with a full day’s moulding, 
this would allow of a greatly increased turnover, 
with very little additional operating expense. | 

Moulding appliances are not in the scope of this 
Paper, but if a portable auto sand cutter is to 
be used on the foundry floor it must have adequate 
crane service, as also must the portable type sand 
slinger, which also requires proper sand feeding, 
or it cannot be used to the best advantage; but 
foundrymen who have read the articles in the 
Press, and also the Papers read by Mr. Lane and 
others on ‘‘ The Mechanical Handling and 
Preparation of Sands,’’? have some idea of the 
importance of the various lifting and shifting 
devices involved in a proper sand system. 

{ Here were shown some 30 more views of lifting 
and shifting appliances interesting to foundry- 
men, | 


/ 
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Mass Production in the Foundry. 

Now with regard to the strictly repetition 
foundry, things are very much different here from 
those prevailing in the general and jobbing 
foundry, and the system employed needs to be © 
more or less continuous. In the foundry equipped 
for rock-bottom cost repetition-production the 
moulds are usually poured as they move along a 
continuous conveyor; the men who pour devote 
their entire time and attention to the work. 

As the flasks are poured they move along the 
conveyor to a shake-out or knock-out grating. 
Here they are knocked out by hand, a vibrating 
appliance, or a mechanical jar knock-out machine, 
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Deraws or Murat Cost. 
Pig-Irons Per ton. 
ia OG) eA D8- agree i aeeer oS een 
No. 3 =.$5 13-3. 14.at, 6:15 6148 18.°0 
No. 3 eon 4 2 Aaa t Al @ F10-- 5.9 
No. 4 TO lareee yO at, 402-6 44 8 11h 
No. 1 ES oLe (2020 ath 4t132 9 9. T, .6 
Own Scrap .. 31 11 0 Oat 4 2 6130 2 95 
Bought Scrap 33 7 1 Oat 4 2 6137 12-3 
130) alo Sele ew) £580 15 3 
LessShop Scrap30 2 2 9 at vd N2s Gel2des OOF 
100. Woes 0 £456 10. 0 
Derams or MELTING Cost. CiesehOs 
Labour—Cupola attendants a AN 320 
Fuel ba th ie = bp m2 0 
Stores, Refractories, Limestone, etc. Siti tos 
Re-Lining Cupola and Plant Upkeep Di Oneao) 
Power ai: . oe aia Tp Oe 
£11953) 73 
DeEraws OF DRESSING Cost. £3.10. 
Labour—Fettlers and Sand Blast Operator 61 10 53 
General Stores and Supplies Serva aa) 
Power Cost... a ae TOPS: 50 
£82 4 54 


The flasks are immediately available, and are used 
several times each day. Due to this rapid 
handling, less flasks are necessary. It has been 
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said that sometimes the saving in flask equipment 


is enough to pay for the continuous equipment. 
From the knock-out grating the sand drops into a 
hopper; from this hopper it goes on to a conveyor 
that carries it to a screen. The screen takes out 
all hard lumps, sprues, gaggers, rods and nails, 
and ensures sand of uniform size for moulding. 
It ‘‘ fluffs up ’? and cools the hot sand. Below the 
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TOTAL COSTS PROCEEDING WHILE LIETING IS IN PROGRESS 
(PENCE PER HOUR.) 
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VALUES OF LIMITS OF ECONOMY IN FEET PER HOUR. 


screen the sand passes over a magnetic separator, 
which removes all remaining metal. 

The sand now passes over a tempering belt, 
where it is wetted down, and then into a con- 
ditioning machine. This machine aerates, blends, 
and tempers the sand, and puts it into proper 
condition for moulding. The working part of the 
machine is a simple revolving cage. Sand is fed 
into this cage, and is thrown between the pins to 
break up all lumps, and give the sand a uniform 
consistency. The conditioned sand now goes to 
a central overhead storage bin. This bin’ has 


sufficient capacity so that the sand becomes 
properly seasoned before it is used. From this 
bin a uniform flow of sand is delivered by an 
automatic cutting feeder to a conveyor that dis- 
tributes the sand to the-bins above the moulding 
machines. This continuous process is in use for 
not only light, but also medium size work, and | 
it is claimed in America as an example of its 
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efficiency that 23 men easily do the work of 60 
men in two-fifths of the space previously employed. 


Conveyors. 


Much progress has been made by the use of con- 
veyors in this country during the last few years, 
the gravity conveyor by itself having come into 
use by leaps and bounds, and great economies 
and increased output have been effected’ by their 
use. Finally, reference should be made to the 
continuous core-drying stove, several examples 
being in use in this country. Conveyors set a pace 
of working that ensures a uniform rate of pro- 
duction, and as is well known have helped much 
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in reducing the cost of production in many lines 
of repetition foundry work. 


Conclusion : 


The author desires to express his gratitude to 
his friends Mr. John Lucas and Mr. Clarke for 
their great help to him, and the team spirit shown 
in connection with this Paper during a period of 
great pressure, and also to acknowledge his refer- 
ences +o the Paper read by Mr. Primrose, of 
Falkirk, and also for useful extracts from THE 
Founpry TRADE JouRNAL, and also to his colleague, 
directors of Messrs. Herbert Morris, Limited, for 
placing at his disposal much information of 
interest. 


———- 


DISCUSSION. 


Mr. Russet believed the audience was consider- 
ably bewildered at the ground the Paper covered 
and the number and variety of appliances nowa- 
days available. He was particularly interested in 
the cupola charger, this being one of the foundry- 
man’s crucial problems to-day; the cupola 
charger tended to a better control, as under the 
old style of things the man was out of sight on 
the cupola stage. He was quite sure it would be 
a boon if the charges could actually be weighed 
on the ground. He would have liked Mr. Moore 
to have enlarged on the two runway system of 
cupola charging. A point that always reacted 
against the use of the average pulley block in the 


foundry was that (if the job was a fairly large~ 


one) the chains had the action of damaging the 
moulds. 

He was sorry that the lifting gear manufac- 
turers had not yet originated a crane whereby the 
gears were all in, or controlled from a gangway. 
Personally speaking, when this proposition had 
been mentioned to the crane manufacturers, he 
had always been informed that the loss of 
efficiency when the chains were all in a gangway 
was very serious. The two-speed block referred to 
by the author was an interesting device. He 
would like to be assured of its safety. An electric 
btock, shown on a slide, was, from his own experi- 
ence, a most efficient tool. He had one at work in 
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his fettling shop for 53 years, and it was surpris- 
ing how little trouble it gave. For handling | 
foundry loads up to 2 tons he had not the slightest 
hesitation in endorsing the claims made for the 
electric pulley block. 

The figures given relating to the weight of 
materials handled per ton of castings produced 
were astounding, but they were obtained from so_ 
many sources that their accuracy could not be 
doubted. \ ; 

Respecting the particulars given of foundry 
costs, he was not quite sure what these covered 
without personal reference to the figures, and, 
although they were extremely interesting, 1b was 
quite possible they were taken out in a different 
manner from what he was used to. 

In reply, Mr. Moore said he agreed that with 
regard to travelling gear in the foundry there was 
something yet to be done, but very much progress 
had already been made in this direction, and 
foundrymen’s views as to what was best for their 
own specific cases varied greatly. He assured Mr. 
Russell with regard to the two-speed lifting block 
that there was no doubt whatever with regard to 
its safety. (Mr. Moore enlarged on the design 
of the block.) With regard to the oncost figures 
mentioned, various foundries made up their figures 
in different ways, but the same facts had to be 
faced. He was pleased to hear of Mr. Russell’s 
experience with the electric pulley block. He (the 
author) was sure that it had a greater future than 
any other lifting gear, and in these days when 
production costs must be lowered, the great aid 
would be found to be the electric pulley block. 

Mr. PemsBerton said that he had been very 
interested in what had been shown. It had taken 
them from coolie labour to shipbuilding cranes. 
The cost of wages undoubtedly played a big part 
in present-day costs. Mr. Moore had raised one 
point with regard to cupola charging apparatus, 
i.e., {£15 tons per hour, the charging now being 
done by six men, which was previously done by 
94 men.”? That meant that each man would be 
handling about 2} tons per hour, which did not 
seem a great advantage. Mr. Pemberton had in 
mind his own cupola, doing 10 tons per hour, 
handled by two men, charged from the floor, and 
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he would like a private discussion with Mr. Moore 


as to what would be saved by charging up with 


an overhead runway. 


All data to be made available. ie 


He (Mr. Pemberton) advised foundrymen that 
if they were installing overhead appliances to dis- 
cuss the matter only with the experts, and to 
remember that it was in the mutual interest of the 
supplier of the plant and the user that the user 
should put all his cards on the table when putting 
his proposition up to the supplier. He thought 
that the author should have dissected his Paper, 
and given it to them over a series of Papers. | 
Mr. Moore, in reply, pointed out that with 
regard to the use of cupola charging apparatus 
and the 15 tons per hour now being charged by 
six men, and which was previously handled by 
24 men, that Mr. Pemberton had perhaps not 
realised that the figures mentioned covered not 
only charging, but all the actual work done from 
the removal of the material from the railway 
trucks, staging it, weighing, and the whole of the 
work up to the actual charging into the cupola. 


Pulley Block. Chains. 


Mr. Cox said that what appealed to him most 
in lifting gears for foundries was not so much as 
the utilitarian point of view but the safety factor. 
He thought that if cranes could be operated with 
the chains at the side it would be much better— 
that is, if the control could be removed further 
away from the molten metal it would be a distinct 
advantage, and, furthermore, the blocks should be 
guarded so that they were not subject to heat. 

Mr. Buntine thought that the manufacturers 
who specialised in hand-hoisting tackle should be 
able to provide a device which would allow the 
men to stand further away from the molten metal. 

Mr. Moore said he was not clear as to whether 
Mr. Cox was referring to hand or electric lifting 
vears, but in any case he (the author) was sure 
the requirements of the case could he met without 
difficulty; but it was a question of the manufac- 
turer having a proper knowledge of the conditions 
to be met, and the same remarks answered the 
question of Mr. Bunting. 
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Mr. Stevenson asked the author for advice on 
the lubrication of foundry machinery generally. 
It was known throughout the trade that the 
foundry machinery was the most neglected of any 


~ section. There was no doubt that when new 


machines were supplied to the foundry they were 
fitted with oil holes, but these very soon became 
blocked up, and he wondered if the author could 
give them any information on the best method of 
providing lubrication of foundry machinery. 
Mr. Evans said that the productive moulding 
costs were nowadays so low that little further 
could be done in this direction, and the foundry- 
man was now forced to tackle this handling 
proposition. It had been forced on him that the 
highest costs were those entailed in handling 
material. The moulding costs were satisfactory, 
but many had fallen behind in their methods of 
handling. He had found the electric battery 


- truck almost invaluable in solving some of his 


material handling problems. Finally, he asked if 
there was yet a magnet crane available which 
could work on an A.C, circuit. 

A hearty vote of thanks was accorded. the 
lecturer. 
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Lancashire Branch. 


ALUMINIUM FOUNDRY PRACTICE, 


By Key Mortimer. 


INTRODUCTION. 

With the growing necessity for cutting working 
costs in our industries to-day, there may be 
traced a tendency to investigate new and more 
rapid methods of production, closer and more 
scientific control of processes, materials which will 
do the work and cost less. 

The founding of metals is one of the few skilled 
trades left: one of the few where personal experi- 
ence cannot entirely be replaced by ingenious 
mechanism. Machine moulding, pyrometric con- 
trol, automatic transport, the scientific handling 
of sands, all the varied paraphernalia that go to 
the making of a modern foundry, merely assist 
that experience: they do not supplant it. It is 
difficult to think that they ever wall.~ 

Since foundrymen deal, then, not with an exact 
science, but with a subject complicated with all 
the variables of human experience, it is possible 
only to generalise. But if one foundryman’s meat 
is another foundryman’s poison, there is common 
ground in this: that all foundrymen who are suc- 
cessful in the casting of aluminium follow, whether 
they know it or not, certain fundamental principles. 
There are one or two peculiarities in the light 
metal as compared with brass or iron. Where 
these are recognised and met in a simple and 
logical manner, there will be found the most con- 
sistent success with aluminium. 

These differences are set out in the following 
paper. indicating their effect on choice of alloy or 
method or plant. Should questions arise at any 
time on the better method of meeting certain 
special circumstances, the author will always be 
pleased to augment these notes with more 
specific information. 

Modern developments have produced a con- 
fusing array of light casting alloys, the possible 
_ combinations being in point of fact unlimited. To 
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clear the ground it is only necessary to remember 
that the permissible range of physical properties 
is not unlimited. This range may be obtained, 
for all practical purposes, as readily by the 
manipulation of one or two simple and _ cheap 
components, as it can be by ringing the changes 
on half a dozen of the more costly of the rarer 
metals. , 

Since this is the case, it is wise to confine 
attention to a few alloys which call for no 
specialised foundry knowledge or subsequent treat- 
ment, which have been tried out for years under 
varied conditions of service and climate, and 
which may be regarded generally as sound sub- 
stitutes for commercial brass and bronze. 


ce L5.” | 


The best known of these in this country is 
“7,5.” Some thirty years ago, when aluminium 
casting was in its infancy, it was found that the 
pure metal could be cast. It is still being cast 
to-day in quantities, for chemical plant and 
similar work. It was found further that the pure 
metal gave poor engineering properties in the 
cast state, and was difficult to machine. The 
addition of zine improved matters considerably, 
and zine alloys became popular here and on the 
Continent, the proportion varying between 8 and 
20 per cent., and settling gradually in_ this 
country to a compromise of 15 per cent. 


Zinc is one of the cheapest hardeners of 
aluminium, easy to mix, tough and reliable in 
service, readily machinable. In the foundry, 
however, it has one real drawback, in that for a 
considerable range of temperature after freezing 
all zinc alloys are excessively weak. They are 
tender in the mould, and this at a time when a 
lot of the contraction is taking place. In foundry 
terms, the zine alloys are “ hot-short,’’? and this 
hot-shortness is a prolific source of cracked cast- 
ings. 

Value of Adding Copper. 


Substituting some 3 per cent. of copper for the 
same amount of zinc materially helps matters, 
with no loss of strength or machining qualities. 
Such an allov, consisting of 12 per cent. of zinc, 
3 per cent. of copper, balance commercial 


N 
aluminium, has been in use for some twenty years, 


on such parts as gear-boxes, crankeases and other 
highly stressed units on automobiles and aircraft 
engines. For years it was known to the trade as 
‘No, 6” alloy of the British Aluminium Com- 
pany, but during the war all available data on 
light alloys was collected and tested out, 
and definite specifications were issued for 
all of proved merit. The specification number 
of this particular alloy became © L5.’’?. Minor 
modifications in the wording and terms of the 


specification from time to time have resulted in 


the name ‘‘2L5,” the properties of which are 
summarised at the end of this section. 

From the foundry point of view 2L5 is an easy 
alloy to work with, and it is suitable for a vast 
range of parts made in brass, in comparison with 
which it is one third the weight, more rapidly 
machined, and cheap. — ( 

The Disability of Zinc. 

From the engineering point of view the 
material is stiff, strong and stable in all climates, 
and its long record of reliable service in so great 
a range of applications tends to give confidence 
to designers. In applying it to engineering parts, 
however, one point should be kept in mind. All 
thé zine alloys are weak at high temperatures. 
of,5 is never used for automobile pistons, and 
should not be used for any job required to with- 
stand a similar range of temperature. Castings 
required to withstand high temperatures are 


hetter cast in a straight copper alloy, the best. . 


known of which in this country is 3111. 


The Value of a Straight Copper Alloy. 


At the time when founders in this country were 
discovering the utility of- zine as a hardener in 
aluminium castings, America was passing through 
a similar teething stage in regard to copper. 
From that day to this American founders have 
continued to use copper for all purposes where 
the British use zinc, and popular opinion has 
gradually settled down to an accepted standard 
alloy containing from 7.5 to 8.5 per cent. copper, 
balance commercial aluminium. This alloy, under 
the name of ‘* No. 12,” is used to this day in the 
States for about 90 per cent. of their vast output 
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and range of aluminium castings,’ whether for 
general work or for special aircraft castings, 
whether: cast in sand or in dies. This is in itself 
a sufficient testimony to the reliability of a simple 
copper alloy. / 


3L11.” 


Soon after the war commenced, efforts were 
made in this country to find a more satisfactory 
alloy for aircraft pistons than was afforded by 
the zinc group. One, of the more successful was 
an alloy consisting of 7 per cent. copper, 1 per cent. 
zinc, 1 per cent. tin and the balance being com- 
mercial aluminium. This was given the title 
“11.” Later it was found that even this small 
percentage of zinc was detrimental at high tem- 
peratures, and so it was omitted, and in place 
was 2011. Later still, the tin content was made 
optional; it is difficult to see quite why it was 
ever included, except possibly on the grounds of 
a slightly lower crystallisation shrinkage. | The 
final specification, since one never uses the tin, is 
a straight alloy containing 7 per cent. copper and 
. known as 3L11. For all practical purposes, there- 
fore, it is now identical with the well-known and 
deservedly popular “ No. 12”? of, America. As 
such, it is a safe and reliable alloy to use as a 
substitute for brass, and has an advantage over 
L5 in being better able to withstand high tem- 
peratures, i 


Increasing the Copper Content. 


Now, for various reasons it is often of advant- 
age to increase the copper content. For instance, 
the higher the copper content, the lower the total 
shrinkage, and this may help on the production 
of one or two obstinate castings, Again, within 
limits the more copper used the less the tendency 
to general porosity, which point is of value in 
connection with castings designed to withstand 
hydraulic pressures. Finally, a higher copper 
content gives a hard, well-finished machined sur-, 
face, eminently suitable for such wearing surfaces 
as automobile pistons. 

The indiscriminate addition of copper, however, 
brings its own penalties in a rapidly increasing 
brittleness in the casting, and in an increase in 
weight disproportionate to any gain in strength. 

Z 
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Use of Manganese. 


To guide founders and designers alike in the 
matter, a specification was issued for a 12 per 
cent. copper alloy, now known as L8. This alloy 
is the one used for the great majority of motor 
pistons cast in this country, whether cast in sand 
or in dies. The copper may be increased another 
couple of points without undue detriment, and if 
to this is added from 1 to 2 per cent. of manganese 
a useful alloy is obtained, having the property of 
increasing. in tensile strength with rise of tem- 
perature up to about 250 deg. C. The alloy L8, 
however, holds its own in popular esteem on 
account of its greater ease of casting and its 
higher thermal conductivity. 


The above alloys represent the repertory of the 
majority of aluminium founders in: this country, 
and the brass foundry need go no further to meet 
the requirements of 90 per cent. of the cases where 
brass or iron is normally used now. They are 
recommended by this company on account of their 
facility of working, and their long record of 
reliable service under extremely varied conditions 
of design, duty and climate. 


For comparative purposes, their specified phy- 


sical properties may be tabulated alongside those 
of ordinary grades of commercial brass and 
iron. 


Tensile strength. Rlongation Specific 

*Material. Tons per sq. in. on 2 in. tenacity. 
21.5 pat icone ba By Wes} et 3/5 ae 115 
3111 Rak: RUF Rh eames fe Coane te 7 
L8 Lie ana nib Coa mas 1 ne 86 
Brass Eau Ite Oe A Ne ty 59 
Bronze en LS sp 40 e 57 
Grey Iron... 12 —— 47 


* Minimum results called for on a standard test bar. 


Specific Tenacity.—In the last column for the 
sake of comparison is given an arbitrary figure 


obtained by dividing the tensile strength in tons 


per sq. in. by the weight of a cubic inch of the 
material in pounds. This factor was introduced 
by Dr. Rosenhain some years ago in a praise- 


worthy attempt to convey comparatively the effect 


of low specific gravity as a factor in design of any 
parts subjected to inertia stresses. 


Such cases are innumerable in practice, and a 
few typical instances are cited in a later section, 
The specific tenacity factor is of comparative value 
only, and obviously cannot be used very freely © 
for absolute calculations in design. It does serve 
to explain, however, why in certain applications 
a relatively weak material like aluminium can 
eye greater reliability in service even than cast 

el, 

In further regard to the above table, it is fully 
understood that results on all the materials may, 
under controlled conditions, exceed the figures 
given. It is also understood that many special 
brasses and bronzes are available, giving physical 
properties in one way or another far in excess of 
those averaged by the common materials cited. 
It is merely a question of choice of. an alloy for 
some particular duty, and a decision as to whether 
the circumstances warrant the extra cost of raw 
materials, special foundry practice, or subsequent 
heat-treatment. 

Similarly there are special alloys of aluminium, 
for such special cases as justify their study and 
extra cost. There are alloys of nickel and mag- 
nesium, of silicon, manganese and lithium: alloys 
which give the strength of mild steel at_a third of 
the weight,’ or which may be bent double with a 
hammer in the cast state without fracture, or ~ 
which are relatively free from corrosion by sea- 
water, or possess a high electrical resistance or a 
low coefficient of expansion. 

The British Aluminium Company, Limited, will 
always be pleased to advise on the choice of an | 
alloy for any special duty, give hints on any 
modifications in design needed, and any special 
treatment needed at various stages of manufac- 
ture. 

Simple copper-zine and straight copper alloys as 
given above, however, will be found to, cover 
most of the requirements of general brass foundry 
work. They are relatively simple to work in the 
foundry, and they are well understood by 
designers. By a logical variation of the propor- 
tion of the constituents it is possible to co-relate 
the tensile strength and ductility factors in a 
convenient manner, and obtain the whole of that 
permissible range of physical properties which is 
compatible with simplicity and low cost. 


22 
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Making the Alloys. 


The author’s firm is prepared to supply the above 
alloys and many special ones ready for use in 
ingot form, melted and alloyed under ideal con- 
ditions. Many founders prefer, however, to mix 
their own melts, and to these are offered the 
following hints. 

The technical success of aluminium founding 
begins with the purchase of materials, for the 
word “aluminium” in the open market still 
covers a multitude of sins. ‘‘ Clean aluminium 
scrap’? may mean anything; the best available 
analysis does not tell the whole story, “ Re- 
melted ingot’ is a pitfall, unless the history of 
the metal is known. Indifferent zinc and copper 
can ruin the best workmanship. 

Virgin aluminium should be purchased in the 
first place. It will be found subsequently that, 
firstly, a certain addition of ‘‘scrap.”’ definitely 
improves castings as in the case of iron, and, 
secondly, that sufficient scrap is forthcoming from 
normal foundry operations to eliminate any neces- 
sity for purchasing from outside. If it should 
become necessary to buy scrap, two points should 
be watched; the scrap should be in large lumps, 
and it should come from a known and approved 
source. One reason is sufficient for both precau- 
tions, and that is the well-known affinity of 
aluminium for oxygen. Aluminium invariably has 
a coating of oxide on its surface; excess of oxide 
is detrimental, therefore limit the superficial area 
of added scrap. This automatically eliminates 
machine swarf, the treatment of which will be 
dealt with later. Again, if oxide forms instan- 
taneously on solid aluminium, it obviously forms . 
even more readily on molten metal. It is there- 
fore advisable to purchase scrap, if it ever hecomes 
necessary, from some concern which understands 
the melting of the metal and has a name for a 
high-grade product. 

The specifications outlined insist very wisely on 
maker’s own scrap being used, and the best cast- 
ings will not contain gates and risers from 
previous casts. 

Copper and zinc must be of the best electrolytic 
ingot available wherever high class, reliable work 
is contemplated, In the case of second grade 
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castings, where only a stiff, cheap structure is 
required, the founder will use his own discretion. 
Bus-bar clippings, and a cheaper spelter are quite 
good material where it is not necessary to 
guarantee physical properties to strict specifica- 
tion. The saving, however, is generally small 
because of the relatively small proportion of these 
metals used, and there is another economic factor 
which should be kept in mind even on the cheapest 
grade ef work. That factor is the percentage of 
oundry wasters. A run of obscure trouble in the 
foundry is so often run finally to earth in the 
quality of the spelter and copper used that, 
generally speaking, it pays on a running job to 
pay more for these materials and cut out this 
potential source of trouble and loss from the 
start. » ‘ 


Alloying. 

Zine is simple enough to handle, being added 
direct to the melt. It should be added last and 
stirred in, care being taken to avoid ‘undue 
turbulence at the surface of the melt. Add about 
2 per cent. more than is required in the final 
analysis, to allow for oxidation and volatilisation 
losses. 

Copper is best added in the form of a rich 
alloy previously made up, and there are two good 
ways of doing this. In the first a known quantity 
of copper is melted, and aluminium is added to it 
a little at a time until a 50/50 alloy is obtained. 
Stir thoroughly and pour into chill moulds. The 
resulting ingot may be added direct to the melt 
in the correct proportion, without raising the tem- 
perature of same to the high figure reached when 
copper is added direct. 

In the second method aluminium and copper are 
melted in separate crucibles in the proportion of 
two to one by weight. When molten the copper is 
poured into the aluminium, stirred in, and poured 
off into chill ingots. This gives an alloy with a 
eopper content of approximately 33 per cent. The 
eutectic point of the copper-aluminium § system 
is approximately 32.5 per cent., and this composi- 
tion has the lowest melting point. As this is ahout 
535 deg. C., this rich alloy will dissolve away 
almost immediately on being introduced into the 
melt, which is normally at about 700 deg. C, 
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Comparing the two ‘methods, the ~ latter 1s 
probably a needless refinement. The | 50/50 
hardener functions admirably in practice, is brittle 
and easily broken up, is easier on the whole to 

calculate for varying melts, and does not need the 
melting of so much aluminium in its preparation. 


This latter is quite a point, because of the high ~ 


latent heat of fusion of aluminium: it takes a 
lot of fuel to melt a pound of aluminium, and one 
therefore tends to avoid remelting that pound. 


Melting Practice. 


This is the crux of the matter, and if furnace 
‘hands are trained to follow a few first principles 
right from the start, it will mean materially less 
uphill work later on. It is now generally recog- 
nised that aluminium cannot readily be “‘ burned” 
in the accepted sense of the term. This may also 
be accepted in regard to the common alloys of the 
metal: the only damage likely to occur in the 
case of the alloys mentioned being loss of zinc 
through volatilisation. The mere raising of tem- 
perature does not appear to affect the metal or 
its alloys permanently to any appreciable extent. 
What does damage the melt is the extent to which 
it absorbs gases, which largely hangs on the tem- 
perature attained and the period during which 
it is maintained in a molten condition. 

There is this fundamental fact to bear in mind 
in connection with aluminium melting. The 
metal absorbs gases like a sponge at high tem- 
peratures: hydrogen, nitrogen and oxygen; and 
the worst of them is oxygen. The affinity of 
_ aluminium for this gas is well known; it was this 

factor that caused the abrupt removal of the Mes- 
sines Ridge from the path of British troops during 
the war. It is the chief factor in most industrial 
thermit reactions, and the chief obstacle to be 
overcome in welding and soldering the metal. In 
foundry work it is handy to remember one small 
fact. If the film of oxide that instantly forms on 
all aluminium were not a simple and effective 


check to further action, there would not be an 


ounce of the metal in the world to-day. 

The great difficulty about alumina, or oxide of 
aluminium, is that it has much the same specific 
gravity as the melt: once stirred in there is no 


very effective method of getting it out again. On 
routine production, therefore, oxide with its detri- 
mental effects on castings tends to accumulate. It 
cannot entirely be excluded, but it can be kept 
within non-detrimental limits by following three 
simple rules. 


Avoid Overheating and Overstewing. 


_The melting point of these alloys ranges about 
650 deg. C. For general purposes it is seldom 
necessary to go beyond 700 deg. C. This latter 
may be exceeded by at least another 100 deg., pro- 
vided attention is given to stewing. 

Aluminium should not be kept in a molten con- 
dition too long. Even at low temperatures 
oxidation is proceeding steadily, but ata steadily 
decreasing rate if the surface is left undisturbed. 
The scum of oxide and dross is the simplest and 
one of the soundest checks to further action, and 
continual skimming merely doubles or trebles dross 
losses. When the mould is ready for the metal, 
skim the pot thoroughly and stir for a short time, 
taking care to disturb the surface as little as 
possible. Pour with the shortest stream and the 


least possible turbulence. Do not quite empty 


the pot: minor foreign inclulsions, iron complexes, 
slight scalings from the sides of the pot, tend to 
collect at the bottom. If they go into a good 
casting they may cause a Weakness or a hard-spot 
on machining. It is better to ingot the last inch 
or so of mctal at the end of the day, and use it 
for low grade work. Obviously also it is better to 
allow such inclusions to sink than to keep them 
up in the melt by continual stirring; an additional 
reason for leaving the melt undisturbed utitil just 
before ladling. : 


Temperature Control. 


Tt will be seen from the above that success hangs 
on rather keener control of temperatures than is 
normal or necessary with brass. For this reason 
it is strongly recommended that melting should 
be under pyrometric control, for there are few 
metals so difficult as aluminium to gauge in 
matters of temperature. The most experienced 
furnace hand will make a mistake on the first 


sunny day after a dull spell, and it is wise to - 


» 
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eliminate as many potential sources of trouble as 
possible from the start. ; 
The necessity for close control. of temperature 
influences the choice of melting plant. There is 
no standard furnace for the melting of aluminium. 
Ordinary brass furnace house equipment produces 
thoroughly good castings, but control being — 
cumbersome, most founders sooner or later evolve 
a more readily handled type for the lighter metal. 


Fic. 1.—Taserty CRANK CaSE SHOWING THE 
Forrest or RiseERS USED AND THE Horn 
GATES. 


’ 


Whether these are fixed or tilting, employ pots of 
iron or plumbago, are fired with gas, fuel oil 
or electricity, does not greatly matter here. The 
importance of these points lies in the direction of 
economy rather than technical preference, and 
they are largely settled by local conditions, per- 
sonal prejudice, or convenience of supply. The 
main essentials are cleanliness, ease of control and 
reasonably rapid melting. 


Plumbago Crucibles. 

Aluminium is perhaps preferably melted in 
plumbago crucibles because of their great cleanli- 
ness It is very difficult to contaminate the melt ; 
from the walls of plumbago crucibles, and for this 
reason they are used for very special work in con- 
nection with air-craft castings and similar high- 
grade products, such as are shown in Figs. 1 
and 2. 
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The useful life of plumbago crucibles is short, 
however, and their initial cost is high, - The 
thermal conductivity, and therefore the rate of 
melting, falls off rapidly after a couple of weeks’ 


work. This happens long before the crucible is 
mechanically worn iout, and it introduces two 


factors; firstly, either a sound pot must be re-- 


Fig. 2.—AtLuminium CASTINGS FOR THE 
SrippELEY-PumA AxrRo ENGINE MADE 
FROM 3L11 Atuoy. 


placed, or a heavy fuel-bill faced; secondly, the 


. time taken to effect melting becomes equivalent 


to stewing. Although a new plumbago crucible 
does not ‘contaminate the metal, therefore, it is 
within ordinary experience that after a few weeks’ 
service it can, in effect; contaminate the melt 
through undue time in melting and consequent 
absorption of gases. 

By far the greatest eopdrbion of the ‘ropld’s 
aluminium castings is melted in iron pots. These 
are relatively inexpensive, give a longer, useful 
life, and melt at a veasonable and consistent rate 
throughout. 
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Iron Pots. 

From. the economical standpoint iron pots are 
immeasurably superior to graphite | crucibles; 
from the technical point of view they have the 
advantage of melting more rapidly throughout 
their useful life, and so cutting the time factor 


Fig, 3.—Tittme Furnace vor Gas or 
Or Furr, using PLumBaco CruciBLes 
(MonoMETER). 


in the matter of stewing. This advantage is, how- 
ever, offset by the basic drawback of iron in 
contact with molten metal, the risk of taking up 
iron in the melt. 


Tron forms with aluminium and its alloys hard 
complexes which crystallise out in the form of 
needles and plates, causing drawn and cracked 
castings, local weaknesses, and ‘‘ hard spots ’’ on 
machining, where the compounds have chipped off 
the sides of pots and gone into the castings. It 
is therefore essential to keep the iron content low — 
in the purchase of the ingot, and to add as little 
as possible in the normal routine of the foundry. 

This, fortunately, is readily managed by the 


re 
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coating of the pots with some neutral wash, of 
which there are many available. Probably’ the 
most convenient is a thin dressing of graphite 
wash, followed by a thin coat of whiting and 
water glass. The pots should be thoroughly scaled 
at least three times a week, and given a lighter 
coating on the above lines. Do not make | either 
wash too thick, or apply too freely, as this 
increases the risk of chipping off into the melt. 


“Needless to say, this precaution applies equally to 


all iron ladles, stirrers and skimmers used in 
contact with the metal, and in connection with 


these it is well to remember ‘to coat them well 


‘up the handle. 


Given the above precautions, applied rigidly and 
periodically, there is little danger of any iron of 
practical import being taken into the melt. Apart 
from_the showing of daily analyses, this is proved 
by the life of such a pot set against the great 
tonnage of metal melted during that life; iron 
pots practically always fail from the exterior, 
through the action, of furnace gases. One further 
point is to eschew the’ practice of skimming 
crucibles, before pouring into moulds, with a bent 
strip of iron. It is often the handiest thing, and 
may undo all the precautions taken in the furnace 
house. A chip of wood is as effective, and does 
no harm, 

The Reverberatory Type. 

A third basic type of furnace, deserving men- 
tion because of its growing popularity in ‘regard 
to aluminium melting, is the reverberatory. In 
this \ type (Fig. 4) the’ flames impinge 
direct on the metal, and melting is. very 


rapid. Since the furnace consists mainly 
of a cast-iron container lined with firebrick, 
it is. obviously cheap. The linings last 


about a year, and are easily renewed at low cost; 
the type is, therefore, economical in upkeep. 
Melting is more rapid than by any other method, | 
and heat losses are at a minimum, so that running 
costs are low. Given a slight increase in dross 
losses over the types previously described, the 
reverberatory still remains the most economical 
in fuel labour and upkeep charges of any of those 
in common use, and, in addition, it takes up the 


least floor space for a given melting capacity. 
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The reason the reverberatory has not super- 
seded others entirely; is simply the fact that the 
furnace gases are in direct contact with the melt. 
In the light of previous remarks any hesitancy to 
adopt the type would appear pardonable. That 
the principle is not necessarily detrimental, how- 
ever, is indicated by the fact that many 
thousands of tons of aluminium and its alloys are 


Pic. 4.—MeEttiIng FuRNACE OF THE OPEN 
Frame. Trtting Type (Seras TURNER). 


melted annually in reverberatory furnaces of all 
capacities, and that as far as tensile and elonga- 
tion tests carry one, little difference is noted 
either way between metal melted thus or in 
plumbago crucibles. 

It is but fair to bear in mind, when criticising 
this type on theoretical grounds, that all alu- 
minium ig melted in the presence of some sort of 
atmosphere, and that the reverberatory alone 
offers a convenient and reasonably precise control 
over the composition of that atmosphere. 

The type is not fool-proof. It will be seen that 
by mal-adjustment of the burners it is quite an 
easy matter to produce an oxidising flame, to 
reach high temperatures very rapidly, and to 
soak the melt for some time under these highly 
detrimental conditions. Given that this is duly 
recognised, however, and that there is intelligent 
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supervision and good furnace discipline, the rever- 
beratory can give excellent and consistent tech- 
nical results on routine general work, and there 
is no doubt as to its economy. 


The Importance of Pouring Temperature. 


Whilst emphasising the importance of pyro- 
metric control of melting, it will not be out of 
place to refer to the still more important question 
of pouring temperature. If a casting is melted 
and poured at a high temperature it will probably 
turn out porous under hydraulic test, or even 
cracked. It will certainly be “ drawn’’ where 
sections of different thickness meet, and it will 
certainly have a dull finish. Test bar results will 
be below par, and the average verdict, would be 
that the metal had been ‘‘ burnt ’’ in, melting. 

This verdict would be wrong, and it can be 
proved by remelting that casting under controlled 
conditions and pouring it again at the lowest tem- 
perature at which it can be successfully run. 

If the metal has been correct from the start it 
will then be found that the casting is neither 
cracked nor drawn, and that it will stand a 
reasonable hydraulic test and possess its specified 
physical properties. Finally, it~ will have 
recovered that best practical sign of a well-run 
casting, a bright silvery lustre as it comes from 
the mould, all of which suggests thoughts which 
are usefully followed up. There are three main 
reasons for keeping the pouring temperature as 


low as possible, 


Effect of Occluded Gases. 


Firstly.—The metal absorbs gases. These gases 
have a tendency to leave the metal as it cools. 
The lower the temperature, therefore, at which 
pouring occurs, the lower the volume of gas likely 
to be frozen into the casting when it sets. 


Effect of Total Shrinkage. 


Secondly.—The total shrinkage in the mould is 
a function of the pouring temperature. If, for 
instance, a casting were poured at 1,000 deg. C., 
it would have to contract some 3} per cent. before 
it reached 700 deg. C., which is a fair average 
temperature for pouring aluminium castings. This 
means feeding of an order which is seldom 
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attained in practice, and so one would get a 


-easting either cracked and drawn here and there, 


and/or with an open grained and porous structure. 


-In a metal like aluminium, where the total shrink- 


age is on the ‘high side, the more one can shave 
off it before it enters.the mould the better. 


Effect of Slow Cooling. 


Thirdly.—The hotter the metal, the more it 
will heat up the surrounding sand. before setting. — 
Thus the casting will set more slowly than it need ; 
it. will take some time passing through its. solidifi- 
cation range, and this has a two-fold effect. In 
the first place, the gases referred to above tend 
to come out of solution just in time to be frozen 


“into the casting in the form of minute pinholes— 


the “speckey metal’? so familiar to aluminium 
founders, and the subject of many quite unjust 
accusations in regard to lack of cleanliness in 
melting or the use of second-rate material. In 
the second place, metal which freezes slowly 
through its solidification range has a tendency 
to form larger crystals than metal abruptly 
chilled. Both effects make for a more porous 
casting than .would be obtained by pouring at a 
lower temperature, which would allow solidifica- 
tion to occur very soon after the metal had 
reached its appointed place. 

For the above reasons the pouring temperature 
becomes a matter of first- importance, and on 
intricate and important work it is recommended 
that the best pouring temperature be found by 
experiment, fixed for that job, and checked every 
time by a pyrometer. The effect of this on foun- 
dry routine means a definite saying In wasters. 

The usual type of iron-constantan pyrometer, 
enclosed in an iron tube, is best for the rough 
handling of a furnace house. For gauging pour- 


‘ing temperature, however, this type is too slow 


reading, and an ordinary iron-constantan couple 


‘works more satisfactorily, given reasonably 


careful handling. The two wires are used bare, 
and they may be used throughout their length if 
welded together from time to time as the junction 


-burns away. With this type one precaution is 


necessary. ‘The couple must not be immersed in 
the metal to any depth, or the current is short- 


circuited by the molten metal and a false reading 


i 
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results. Carefully separate the wires for four 

‘or five inches above the junction, and dip only the 
welded tip into the melt. 

The substitution of. scientific control for the 
personal factor wherever possible certainly lightens 
the task of the management, but is a fool’s para- 
dise unless the scientific apparatus employed is 
kept up to the mark. Pyrometers are notoriously 

fragile and capricious instruments, and in the 

foundry they, receive more than the average 
rough handling. They should therefore be perio- 

“ dically checked against a“ master,’’ and a wise 
organisation will see that this ‘‘ master’ is also 

checked for accuracy from time to time, against 

some useful fixed standard such as the freezing 
point of pure aluminium (658 deg. C.), and that 

of fused common salt (801 deg. C.). 


SAND CASTING. 
Moulding Practice. 


Any good brass moulder can mould for alu- 
minium with complete success, and without special 
knowledge of the metal, provided that the castings 
are of relatively simple design. As the work 
becomes more intricate, however, he will neces- 
sarily meet with problems which follow naturally 
from four characteristics of the metal. They are: 
—(a) The solid contraction of the light alloys; 
(b) their weakness at high temperatures; (c) 
their high crystallisation shrinkage, and (d) their 
low specific gravity. 

Shrinkage and contraction have been deliberately 
separated in the above, for greater simplicity in 
explaining their, effect on moulding practice. 


Solid Contraction. 

The pattern scale for 3L11 is one in eighty-four, 
that for 2L5 one in seventy-eight. In practice a 
scale of one in eighty meets the case for all the 
alloys referred to. The solid contraction, then, is 
on the high side, though in itself insufficient to 
cause much trouble were it not for the 


Weakness at High Temperatures. ; 

The combination of the two factors at once 
suggests the most obvious cause for cracked cast- 
ings. Equally obvious, also, is the remedy. All 
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cores and all sand retained by projections of a 
casting must be rammed lightly; as lightly and 
evenly as they canbe rammed without collapse 
or. handling, or when the molten metal rushes 
in. Cores particularly must crush easily. Wher- 
ever possible they are made of green-sand, not 
only because of the great economy of this medium, 
but also because a green-sand core is less rigid 
than any other. To enable them to be ‘handled 
without fracture they are sprayed with treacle 
and water and skin dried with a floor torch. 


Dry-Sand Cores. 


Where delicate cores must be made and green 
sand is found too fragile, they may be either dry | 
sand or oil sand. Dry-sand cores should be used 
with reserve; they do not ‘‘ give ”’ easily, and may 
cause cracked castings; they are, however, econo- 
mical and practical in many applications, provided 
this point is borne in mind. Sea sand with a 
binder which collapses easily when heated up is 
renerally the better, if the more expensive pro- 
josition. There are innumerable core binders on 
he market suitable for aluminium, and the main 
pint to watch is relative cost. A binder which 
iicheaper in first cost than another, may be more 
estly in the end if the second can be used with 
th addition of fifteen parts of water. A resin 
bider is often adyocated, because it softens under 
het, It is not popular with moulders, however, 
onaccount of the choking fumes set up; and it 
hata further drawback in the great difficulty of 
remying cores should tho casting happen to cool 
dow before they are knocked out. 

Pobably the best all-round base for a core 
bindr is linseed oil, and a good mix is made as 
follog: —Equal parts of linseed oil and molasses, 
to béused as to one part of this mixture to 25 
partsof dry sea sand. 


| Vital Importance of Light Ramming. 


To het points (a) and (b), therefore, all that is 
neededis the use of good, well-tempered green 
sand, hkhtly and evenly rammed, together with’ 
cores hele whatever their design and their com- 
positioncrush under héat with the minimum of — 
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effort. All this seems very simple, but one can- 


not lay too much stress on this necessity for light — 


ramming. 4 3 

One of the more useful points in regard to 
machine moulding is just this possibility of con- 
sistent ramming. The extent of ramming neces- 
sary for any particular job may be found by ex- 
periment and fixed for that job, and: maintained 
thereafter with a reasonable consistency. Every 
founder knows the economic advantages of machine 
moulding. This particular aspect of machine 


moulding, as applied’ to aluminium, and) as a 


useful factor in reducing wasters, is however worth 
emphasising. It is one of the useful points about 
aluminium that ordinary green sand, with | its 
natural clay binder is. the ‘best of possible 
materials to use, and that it can be used almost 
indefinitely. Very gradually, the natural bind- 
ing effect of the clay content wears off, and this 


is best met by occasional additions of new sand , 


to the old. The binding action is, of course, 
brought about by the addition of water. How- 
ever, the addition of water must not be overdone, 
or blown castings will result every time. The 
water is best added with a good sprinkler to the 
heap of. sand hot from the mould, for the finest 
‘* tempering >’ is effected by steam, not by drops 
of water, 


Crystallisation Shrinkage. 


This \s the shrinkage which takes place when 
the metal passes from the liquid , to the solid 
state, and should be distinguished from the solid 
contraction which takes place subsequently in the 
mould, For the alloys discussed, this shrinkage 
is in:the reighbourhood of 7. per cent., and since, 
of course, \it takes place fairly abruptly, it indi- 
cates the tecessity for providing ample means of 
feeding thitk’ sections, or alternatively of forcing 
them to cod at the same rate as the lighter sec- 
‘tions. The ‘use of chills and risers_ is therefore 
more pronounced than in brass practice, and both 
are of heavier section. 

It would be\trite to observe that neither would 


s 


be necessary ‘yiven perfect gating, since perfect 


gating. is seldon or never possible of attainment 
‘in practice. Because a careful study of gating, 
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however, can result in cutting the 50 per cent. of 
chills and risers, the following hints are sub- 
mitted. 

/ Gating. 

Since it is advisable to fill the mould with metal 
at the lowest temperature at which the casting can 
be poured, it seems reasonable to fill it quickly, 
and this calls for gates of large capacity. By 
doing this a pouring temperature may be used 
many degrees lower than by filling the mould 
slowly through a small gate. By a large gate 
however, we do not necessarily mean one runner 
of large capacity; it is better practice to use many 
of small capacity and distribute them logically 
throughout the mould. 

If the mould is poured rapidly at a low tem- 
perature, there is risk of entrapping air which 
has no time to escape before the metal freezes. 
Hence a common source of blowholes, and hence, 
also, the necessity for so designing runners that 
the minimum of turbulence is set up in the in- 
coming metal. For this reason many castings of 
relatively flat design are best gated from the 
bottom, so that the rising metal will carry up all 
air before it. Bottom pouring, however, should 
be used with discretion; for it is clear that in 
the case of fairly tall castings the rising metal 
gives up a good deal of its heat to the surround- 
ing walls. The top of the casting, therefore, is 
not only cooler than the bottom, but it is also in 
contact with cooler walls. Thus it must set at the 
top some time before the bottom freezes, condi- 
tions which are exactly what one sets out to avoid 
in studying gating at all. Such a casting will 
tend to ‘‘ hang’ in the mould, and will turn out 
porous, and/or cracked. Gating from the bottom 
in such a case is also extravagant in waste metal 
in the gate. 

The section of the gate, where it joins the cast- 
ing, should be so adjusted that it invariably 
freezes after the adjacent metal in the casting has 
set. This, of course, varies with every casting, 
like most other conditions of gating, and it does 
not necessarily mean that the section of the gate 
must be larger than the section it is joined to; the 
sand in the gate is generally hotter than that in 
the mould. It means that the section must be 


8 oh as a ie an 


693 © 


adjusted until there is no draw, or porosity in 
the casting at the point where it enters, and often 
enough any such defect is at once remedied by 
allowing a liberal fillet at that point. 

Finally, as with all metals, the ideal to aim at 
in gating is so to arrange its design and disposi- 
tion that the casting cools at the same rate all 
over. ‘This means so guiding the path of the 
metal that heavy sections are: filled with cooler 
metal than thin sections, and needless to say this 
is seldom attained in practice. It is because 1b 
is so difficult to approach with a metal like alu- 
minium that resort is made to the makeshift com- 
promises of chills and risers. 


Chills. 


Chills are primarily used to ensure reasonably 
even cooling throughout a casting of varied sec- 
tion. They are unnecessary in a casting of sub- 
stantially the same section throughout, provided 
attention is given to logical gating, and to the 
provision of fillets at sharp corners. 

Chills are useful for varied purposes distinct 
from the above, such as the rapid freezing of a 
machining strip to obtain a close-grained, hard- 
wearing surface; or the similar treatment of some 
local area which must withstand hydraulic tests 
without leaking. 

They may be of iron or brass or aluminium. 
The most satisfactory are of brass, discounting 
two minor disadvantages: slight discoloration of 
the chilled area, and a tendency on the part of 
the chill to disappear. The use of cast iron over- 
comes both objections, the metal functioning quite 
well. 

A tendency is noted to place a chill promptly 
on some area of a casting which shows a crack ; 
this point should be watched, because it is not 
always obvious to a moulder that the right spot 
to chill, if any, is some thick section in the neigh- 
bourhood which is the prime cause of that crack. 
To chill the affected area often cures it, but almost 
invariably sets up some stress or other which re- 
sults in other cracks elsewhere, and gradually 100 
per cent. more chills come into commission. 

The use of chills should be avoided wherever pos- 
sible, if only because of their habit of ‘‘ sweating,” 
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_and causing blowholes and ‘‘ flutters.” Molten 
aluminium reacts, strongly. to: moisture condensed | 
out on the surface of- chills, and there is always 
a tendency to this in a green-sand mould. It is 
a common slogan in aluminium. practice that the 
moulds should wait’ for the metal, not the metal 
for the moulds; and this is sound enough advice. 
But if the moulds contain many chills and have to | 
wait for long, they should not be closed up until 
the metal is ready. There are many practical 
dodges for checking the tendency for chills to 
sweat, smoking them with a taper, dusting them 
with French chalk, sand-blasting them, and so on. — 
The best remedy is to leave out the chills, if good 
castings can be obtained by attention to gating. 
Risers, ; 

Risers. are used primarily to feed thick sections, 
such as bosses, etc.,’ which tend to solidify after 
the surrounding portions of the, casting, thus set-- 
ting up draws, local sponginess, and contraction 
stresses. 

Risers serve also to give free exit to the air 
from a rapidly filled mould, to bring up oxide and 
any other dross collected by. the metal. Occasion- 
ally they are used to keep an isolated thin sec- 
tion in an otherwise thick casting ‘‘live,”’ until 
the remainder sets; a function which is the exact 
reverse of chilling. 

Because of the high crystallisation shrinkage of © 
these alloys, risers are used more freely, and of 
heavier section than is normal in brass practice. 
‘As in the case of chills, however, their employment 
can be overdone. The use of risers, their design 
and placing, deserves more logical consideration 
than can be the case if this is left entirely to the 
moulder. 

The best gating being admittedly imperfect, a 
heavy section takes longer to set than an adjacent 
light section. ‘The light section in freezing draws 
metal from the still molten heavy section; the 
latter sets in its turn, and must be fed by artificial 
means, not only against its own shrinkage, but 
also to make up for the metal taken from it by the 
light section. The necessity is shown in the cast- 


ing by a “ draw,’’ or local sinking of the surface, 


and. to cure this one *‘ feéds ’? that section’ with a 
riser or a shrinkage ball, : 
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Alternatively one may chill the section, and so 
force it to cool at the same rate as the thinner 
one; but for the moment we are considering those 
casés where, for one reason or another, a riser is 
preferred to a chill. 

Now, the presence of a heavy riser, properly 
designed and placed, will feed that section or boss 
very efficiently. It introduces one further com- 
plication, however, in the fact that it tends to 
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Fic. 9.—Invertinge THE Riser to ENsur»p 
THoRovGH FEEDING. 


keep the section molten for a longer time than pre- 
viously. It will not give a draw, because the sec- 
tion is properly fed; what it may give, in some 
instances, is a state of stress in the surrounding 
part of the casting, due to the solid contraction of 
the thick section taking place after the thin sec- 
tion has already contracted through much of its 
range. In a metal so “ hot-short ”’? as aluminium 
this often leads to cracks. The remedy in nine 
cases out of ten is to use the riser, but to chill the 
section it is feeding, and to chill it heavily to 
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allow for the extra heat communicated by the 
riser. 
The reason this point is brought forward is 
because it is often overlooked in practice that two 
distinct factors have to be faced, the crystallisa- 
tion shrinkage, and the subsequent solid contrac- 
tion. A due appreciation of this will save much 
disappointment to those who, having duly placed 
a riser to meet a local draw, run into troubles 
with cracks, the origin of which is not very 
obvious. a 
Its common sense is indicated by other considera- 
tions. Metal which comes up risers has generally 
passed over much cold sand, giving up its heat 
en route. It is often, therefore, of lower tempera- 
ture than the section it is designed to feed; it 
may freeze before that section, and if this occurs 
the trouble is accentuated rather than met. The 
riser draws metal from the section; it does not 
feed it. 
This, in fact, occurs more in practice than would 
appear probable, and it is due to the form of riser 
commonly used, which may be described as cone- 
shaped, with the apex of the cone resting on the 
section to be fed. There is no objection to such 
a form beyond this; that it is obviously possible 
for the metal at the wide upper end to be “ live,” 
and to sink as though it were feeding the casting, 
an appreciable time after the narrow neck near 
the casting has set. The tendency for the neck 
to set and to cut off any feeding action, has an 
analogy in the “ bridging’? seen in steel ingot 
practice; both have the same effect in an entire 
absence of feeding at a time when external 
appearances give the impression that matters are 
proceeding according to plan. (See Fig. 8.) 
There are two sound methods and one bad one 
of ensuring that a riser is doing its work as indi- 
cated by the molten metal above. The first is to 
chill the section to be fed, and so force it to set 
before the riser. The second is to invert the 
riser, so that the base of the cone rests on the 
job, not the small end; this gives sure feeding, 
checks any tendency for the riser to ‘‘ hang’ in 
the mould, and means less metal melted for a 
given casting. (See Fig. 9.) It is not always 
practicable, but where practicable is worth trying. 
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A Detrimental Practice. 


The bad method is to pour ‘‘ live’? metal down 
the riser’ as soon as the mould is full. This 
practice is fairly common, and follows on an 
observed inefficiency of the riser due to the above 
causes. It should be thoroughly discouraged as, 
far as aluminium is concerned. Risers bring up 
with them, in addition to dirt and dross collected: 
by the metal, a fairly tough skin of oxide, Pour- 
ing metal down’ the riser carries this skin, prac- 
tically unbroken, down into an otherwise: sound 
casting, The presence of the ‘‘seam’’ thus 


formed is difficult to trace, until some more or : 


less important boss quietly parts company with 
the casting. 

‘The fact that this does not always, or even very 
often ‘occur, is one of the worst features about 
this type of defect and its cause. If a casting 
broke every time a moulder poured metal down 


a riser, few moulders who did this would retain 


their jobs. When a casting: does break on service 
owing to a skin: of oxide across a section, how- 
ever, the fracture looks thoroughly bad, the stress 
required to break the casting can be almost nil, 
and ‘‘aluminium’’ is written down as a 
treacherous material. The method of its manipu- 
lation is seldom brought in question. 

“Blind”? risers have their distinct technical 
advantages in regard to some aluminium castings 
hesides the economical one of taking less metal. 
Such risers are blanked off a few inches above 
the section they feed, and a vent only is carried 
on to atmosphere, 

Porosity. 

It is sometimes found in practice on certain 
designs of casting, that with the use of the best 
available materials, careful melting and logically 
considered feeding ‘of thick sections, an otherwise 
sound casting will not withstand hydraulic pres- 
sure tests. Such a casting could, of course, be 
doped, 

Since doping is at best only patchwork, how- 
ever, it seems worth while to investigate this 
tendency to porosity, and given that the above 
points are in order, in nine cases out of ten the 
cause will be too slow cooling through pis solidifi- 
cation range. 
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“This is best demonstrated by casting a brick of 
the metal in sand. If it is sliced up and one of 
the slices is used for a water-tight door, it will 
be seen at once just how water-tight it is. bios 
those same slices are melted up and the metal 
poured out in a thin sheet on the floor, using 
the same pouring temperature as before, the | 
easting should now hold a considerable pressure 
without sweating. The metal is the same, and 


the melting and pourmg temperatures the same; 
but it has cooled rapidly through the freezing 
range. 

The moral is that the mould must not be 
heated up locally to the extent of losing its chilling 
properties. Where there isa casting, such as a 
thin sump designed, to withstand pressure, and of 
a section which in any case calls for high tem- 
peratures for successful running, it will lead to 


_ porosity if much metal is passed over the surfaces 


of the mould to fill heavy and tall risers. It is 
better to blank them off at the lowest point at 
which efficient feeding can be accomplished. 


Using the Inertia of Incoming Metal. 
Incidentally, the blanking off of risers intro- 


duces one useful factor in the production of solid, 
clean-cut castings. For the momentum of the 
column of metal in the gates, brought abruptly 
to a standstill, introduces a momentary pressure 
of very salutary effect in the forcing oub of 
occluded gases, and in pressing an already slug- 
gish material into the finer corners of an intri- 
cate mould. Here again, blind risers are not 
the panacea of all evils; they are not even best 
practice in a great number of castings. The above 
remarks are hints, not rules, and a good founder 
will know how to interpret them. 


Low Specific Gravity. 


This final point of differentiation between alu- 
minium and the heavier casting materials has 
‘as much influence on methods used as any of the 
others. 

The specific gravity of the light casting alloys 
dealt with varics between 2.85 and 3.0, or roughly 
one-third that of brass or iron, From this two 


points at least arise, 
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The first is that with metal of so light a weight, 
venting must be carefully considered and 
thoroughly carried out. If there is. any 
appreciable back pressure on the escaping 
gases they will tend to make their way to atmo- 
sphere via the molten metal rather than via the 
vents. This gives rise to blowholes, and/or to a 
loose, porous, structure at some points, owing to 
the metal in the vicinity being kept in continual 
agitation whilst passing through the freezing 
range. Metal which cannot solidify. quietly is 
spongy when cold, 


Effect of the Air Content in the Sand. 


This factor is aggravated in connection with 
aluminium by the necessity for light ramming. 


Fig. 10. 


Light ramming means a porous mould and core, 
and it follows that the interstices between sand 
particles contain in the aggregate much air. Dry- 
ing the mould helps only to the extent of obviat- 
ing any action of expanding steam; it does noth- 
ing to meet the necessity for the large air con- 
tent in the sand to expand as it warms up. That 
expanding air must go somewhere; the point 
about working with aluminium is that there ‘s. 
much air to deal with, and that owing to the 
light weight of the metal, the natural tendency 
is for air to escape through the still molten 
casting. 

The simplest illustration of this is given in a 
casting such as an aeroplane engine sump, on 
which the standard of inspection is high, and 
which is polished all over the exterior. The obvi- 
ous method to mould this is upside down, since 
the pattern leaves its own core, which may there- 
fore be of green sand. (See Fig. 10.) To avoid 
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sagging of the core and distortion of the casting, 
the flask would be firmly bedded’on the floor. The 
effect would be an economical way of moulding 
an extremely costly casting’; costly, because of the 
high percentage of rejects for minute blowholes 
and other surface defects, showing up after polish- 
ing. 

It will be clear that in such a case a very large | 
volume of lightly rammed sand is enclosed on five 
sides by a thin sheet of molten metal, and that 


5Parn_of EXPANDING GASES. 


the sixth side is practically blanked off by the 
floor. Unless unusual precautions are taken in 
regard to ample vents, the casting would be blown 
in nine cases out of ten under such conditions. 
In nine cases out of ten one would get a sound 
casting if pouring brass. 


Two Alternatives. 

If this casting were moulded with the open side 
up (Fig. 11), it would mean a more costly job in 
the foundry because of the necessity of hanging 
the core in the mould, and providing one which 
would hang without sagging or fracture. Yet the 
author would prefer this method to the alter- 
native remedy (Fig. 12), supporting the first 


mould on a perforated pee clear of the floor, for 


_two reasons, 


It is possible to guarantee a. sounds casting, 


_ because it is known “that any dust and loose sand 


collected by the metal could not float up to the ex- 
terior and spoil a highly polished surface with 
minor specks and blemishes. Because there are 
many similar jobs met, with in practice, meter 
cases, fuse-boxes, automatic machine parts and so 
on, this one instance has been dealt with rather 
fully. Due recognition of the principle will save 


“much trouble where thin, box-like castings are 


being made, requiring a high finish on the 
exterior. 


Pressure in the Mould. 


One further point in dealing with a metal one 
third the weight of brass is that logically runners 
and risers should be three times the usual height 
to obtain an equivalent pressure in the mould. 
This is almost always impracticable, but a thick 
cope should be provided wherever economically 
possible. 


The practice of pouring from a height to obtain’ 
an artificial pressure in the mould is not one to be . 


encouraged with aluminium. Its effect is best seen 
in pouring a glass of beer from a height. One 
certainly gets a head on it. If not one takes vast 
care in relative manipulation of bottle and glass. 
The same ‘care in regard to aluminium is notably 
absent. In no case is this sort of head wanted in 
aluminium, since it leads to blowholes, porosity 
and excessive dross. If extra pressure is wanted 
in any given casting, there is only one way of 
getting it in normal foundry routine, by increasing 
the height of the runners, and either by bringing 
the risers up to that height or blanking them off 


.as previously described. 


Fixing Height of Pouring. 

This point has received far closer attention in 
the States than in this country, and there are at 
least two methods in fairly extensive use, aiming 
at ensuring a reasonably equal rate of pouring 
throughout a contract and so cutting out this 
much at least of the prevalent personal element. 
The first is to fix the pouring height by mech- 


anical means, or by resting moulds on girders, etc., 
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at the natural height a moulder will pour from. 

The second method lies in using a simple oil-sand 

strainer in the gate, pierced with four or five 

holes about the size of an ordinary pencil. Tho + 
primary use of such a strainer is its surprising 

capacity for holding up dross and air ‘bubbles - 
which would otherwise be injected into the mould. — 
Tt serves a second useful purpose, however, in. 
regulating the flow of metal into the mould over 

a great number of similar castings, even though 

the moulder may tend to vary pouring height and 

rate from casting to casting. If such variable fac= 
tors as these are fixed as far as. possible in advance, 

much time is saved in exploring an unnecessarily 

wide field when troubles occur. 


Use of Snap-flasks. 


The above paragraphs indicate the main diffi- 
culties arising out of the low weight of aluminium ; 
before closing this section we would mention one 


advantage. Because the metal exerts so little 
pressure on the mould, a great range of parts can 
economically be moulded in snap-flasks. This 


method economises in moulding boxes and labour 
of handling, and provides almost ideal natural 
venting, 

Aluminium Moulding Boxes. 


Moulding boxes are practically always made of 
aluminium re-melted skimmings and swarf in alu- 
minium foundries; they are light to handle, cheap 
to machine, practically unbreakable; whilst in 
emergency they can always be melted down and 
run into low-grade castings. 


Clean Finish. 


For a clean white finish, the moulds and cores 
are dusted over with either French chalk, or a 
mixture of this with graphite. Lycopodium is also 
extensively used. Graphite by itself tends to give 
a dull finish. 

Knocking out, and when to do it, is a question 


for individual experience on particular castings. 


The contraction and hot-shortness of the lhght 
alloys suggest the desirability of releasing cores 
as soon as possible. The hot-shortness, plus -aver- 
age foundry handling, suggest leaving well alone. 

It is so easy to. damage castings’ slightly when - 
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they are at a high temperature, that one should 
modify the accepted rule, that they should be re- 
moved from the sand as early as possible. It is 
suggested that where castings ‘show cracks, however 
rapidly the cores are released, it might be a good 
plan to leave them in the mould over-night. It is 
possible that the cracks might then be conspicuous _ 
by their absence. ; 

5 Dressing. 


Dressing, in the ¢ase of aluminium, is a matter 
of peculiar ease. Gates and risers are quickly cut ~ 
off by a band saw, and if they are so placed that 
a band saw can cut them close to the casting, 
there only remain the usual thin flashes, chill 
marks, and so on, to be dressed by an emery wheel, 
or by chisel, hammer and file. 

Where a particularly well-finished job is required, 
either sand-blasting or bobbing with a wire brush 
are recommended, A white matt surface is ob- 
tained by dipping in hot caustic soda, neutralis- 
ing by a dip in ‘weak nitric acid, washing 
thoroughly and drying. Sand-blasting by itself 
. gives a fine grey matt finish, and if ribs and letter- 
ing are then highly polished a very good effect is 
obtained by the contrast of the silver against the 
grey. The polishing of numerous small castings is 
readily accomplished by tumbling with steel balls, 
at some slight cost of clean definition. 


Salvage, Reclamation and Repair. 


Many otherwise clean and sound castings are 
marred by some small blowhole or crack, or locally 
fail to withstand hydraulic pressure tests without 
sweating. In most cases such work can be made 
perfectly good by soldering, welding, doping or 
caulking. 

Soldering. 


This is in no case recommended except where 
the defect does not in any case affect the service- 
ability of the casting, and where the cavity can 
be so undercut that the solder will not tend to 
come out whether there is an actual ‘‘ joint ”’ 
between it and the casting or not. 

There are now solders on the market for alu- 
minium which can be guaranteed to give a good, 
strong joint, given attention to directions for use. 
There is none in which a permanent joint can be 
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guaranteed, under all ‘conditions of service. ~ Most 
available solders for aluminium part company with 
2 the job they are used on in a very short time, 
4 hence the need for undercutting. Soldering of alu-~ 
=. minium should be regarded in the light of a dental 


; 
= operation only ; a filling. for appearance’s sake, not 
. ‘¥ an’ engineering job. 

4 Welding. 

eS All the alloys dealt with may be welded with an 


3 _ oxy-acetylene apparatus in the* normal manner, 


Fie. 13.—Lonpon GENERAL OMNIBUS 
WHEELS MADE FROM ALUMINIUM 
ALLOY. 


with or without a flux. It is safer to pre-heat 

the casting before welding; or contraction stresses 

may be set up and result in serious cracks. Intri- 

cate and highly stressed castings are best annealed 

afterwards for a couple of hours at about 350 to 

460 deg. C., and allowed to cool off in air, but this 

is a needless refinement in the great majority of 
castings in general routine production. 

A flux is useful for dissolving the inevitable 

oxide film, the main obstacle to the flowing 

i together of the casting and welding stick. In nor- 

mal practice, however, a flux is seldom necessary, 

; the film being removed by puddling with the weld- 

a ing stick. The latter should be of the same com- 


position as the casting, and if casting and stick 
2a 


Se 3 
VWAY 


ve MS oy 


iy 


vg Ay 


706 


are brought together in the flame so that they ate 
locally at the point ‘of fusion, the oxide film may ~ 
be scooped off by the stick in the presence of a re- 
ducing flame, and a good weld obtained. In some 
respects welds obtained thus are preferable to those ? 
obtained with a flux, for if the latter_is used too 2 
copiously and left in the weld it can cause trouble ~ 
later on. 


Fie. 14.—Large Jackettep ‘CHEMICAL 
Pans Cast in Purk ALUMINIUM. 


Cracks are often superficial only, and may be 5 
deeply grooved along the line of the crack and 
welded up in a couple of minutes. It they go 
right through the casting, the latter is best 
scraped. If a crack right through the casting, how- 
ever, does not necessarily affect its utility for the & 
job, drill a 4 in. hole at each end, groove deeply. 
on both sides of the casting, and weld up the whole. : 
Blowholes, draws, cracks, insufficient machining 
allowances and so on, can all be dealt with rapidly 
on these lines. Welding sticks are available in 
which no flux is found necessary, and which pro- 
duce a weld rather stronger than the rest of the 
casting. 


ee OIG A MOE ee PA Oa 


\ 


707 


= Plugging. = : 

Plugging is resorted to on machined castings, 
etc., on which it is not desirable to risk 
welding, with its possibility _ of distortion ~ or 
contraction stresses. Blowholes” are perman- ~ 
ently filled by drilling, tapping and plug- 
ging. ‘Cracks may also. be similarly dealt 
with; a hole is drilled at one end, tapped and 
plugged; the centre of the next hole is on the line 
of the crack at the circumference of the first plug, 
and so on, progressively to the end of the crack. 
Such a repair takes less time than would be 
imagined; it prevents the crack developing 
further, sets up no stresses in the casting, and is” 
strong as regards internal pressures. It is, im fact, 
used to a considerable extent in the repairs of 
cracks in steam boilers. 

Caulking and Peening. 

A light planishing of surface defects, superficial 
cracks, draws, local sponginess, sand and_ chill 
marks, ete., is readily carried out with a round- 
nosed hammer or caulking tool. As long as the 
defects so treated are relatively simple, defects of 
appearance rather than of strength, this is a rapid 
and. useful method of dealing with them. The ex- 
tent to which caulking is carried out, however, 
should be under control; it is possible to introduce 
incalculable stresses in a casting by ‘‘ drawing up af 
cracks or sand holes by heavily spreading. the 
neighbouring metal, 

Doping. 

Slightly porous castings can be made to with- 
stand hydraulic pressure — without leaking by 
doping with water glass under pressure, preferably ° 


hot. The casting is then washed out and dried. 


The use of water glass (sodium silicate) is hable 
to set up slight internal corrosion of the material ; 
it is on this fact, indeed, that its action in closing 
the pores of a casting depends. Whether such cor- 
rosive action matters or not in practice has yet to 


~ be decided. In the meantime a very excellent 


substitute is ordinary linseed oil, introduced 
under pressure, drained thoroughly out of the cast- 
ing, and stoved for an hour or two. This dope 
is as effective as water glass, and has no sort of 


corrosive action; it tends, in fact, to protect the 
242 
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casting against corrosive action. It tends to slog 
the ordinary hydraulic testing pumps, and for 
this reason the cleaner water glass is preferred. 
If the casting is filled with the oil, however, and 
air pressure applied, or the ordinary water pump 
connected up, this objection will largely be met. 
There is no need actually to pump the oil. 

Some industrial waters appear to have much 
the same effect as water glass, in setting up just 
sufficient corrosion to close up a porous structure. 
Where this is the case, testing with tap water and 
setting aside wet for the night may do as much 
good as a deliberate doping operation, or as much 
harm. 5; 

If a casting requires doping more than once 
before it will stand up to the required pressure 
without leaking, it is advisable to scrap it. Such - 
porosity carries with it poor physical properties, 
and the necessity for much doping or otherwise. 1s 
a sound indication of the strength of the casting. 


Fusion Welding. 


Much ‘subsequent patching and welding is 
avoided if a close scrutiny is kept on castings as 
they are knocked out. Whilst the casting is still 
at a high temperature, slight mis-runs, malforma- 
tions, sand-holes, cracked ribs, etc., may be made 
good by so-called ‘‘ burning on.’’? Sand is rapidly 
built up around the defect, and a channel for over- 
flowing metal provided. Metal is poured in until 
partial fusion of the affected area takes place, 
when the oxide film is puddled off and a sound 
weld is obtained.. Excess metal is quickly scraped 
off, and finishing left to the dresser. 

Fusion welding is much practised in_ this 
country, not only in salvage of slightly affected 
castings, but for major repairs on large crank- 
cases, replacement of broken bosses, and so on. 
For the process it may be said that the operation 
is rapid and cheap, that it introduces no factor 
like dissolved gases in the weld as is the case with 
oxy-acetylene, and that a weld made thus by an 
expert is difficult to distinguish from the 
remainder of the casting on micro-examination. 
As carried out by a man who understands the 
problems involved, using the same metal as that 
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-in the casting, and keeping a good flow of it over 


the defect until all traces of oxide are washed 
away, such welds are entirely reliable. Where 
they are carried out haphazard, on a nearly cold _ 
casting, with too little puddling or too great an 
economy in the metal poured, they can be a source 
of weakness which is difficult to trace until the 
casting breaks on service. 


Recovery of Waste Material. 


All foundries inevitably produce a certain per- 
centage of by-products or scrap material, and 


Fic. 15.—Bortom Harr CRANKCASE OF 
“Cus ’? NAPIER. 


aluminium foundries are no exception. It is the 
aim of good foundry management, of course, to 
keep that percentage as low as possible, and also 
to extract the utmost useful yield from such 
waste material as is found unavoidable. This 
material may be roughly classed as under : — 

(a) Large Scrap.—Mis-run or cracked castings, 
runners and risers, clearance strips, etc., heels 
from pots. 

(b) Spillings and Splashings.—The inevitable 
result of much ladling from melting pots to 


710 
‘crucibles, and of carfying the latter through a 
crowded foundry. 

(c) Skimmings.—The dross and scum removed 
from the surface of metal just before ladling from 
pots or pouring from crucibles into the mould. 

(d) Sawings.—The heap of particles which col- 
lects beneath the band-saws. 

(e) Grindings.—The fine dust from emery bobs 
which collects in the dust extractors. 

With regard to (a) and (b), these may be 
returned to the pots in current use for castings 
of the second grade, ‘relatively unstressed work. 
.The only precaution obviously necessary is the 
separation of any dirt, sprigs, or other foreign 
material taken up from the floor by spillings. 
Tack of care in this respect is one of the causes 
of ‘hard spots” encountered during machining 
castings. : 

Skimmings consist largely of metallic alloy con- 
taining much entrained oxide, forming a stiff lace 
network or spongy. mass, and preventing ready 
fusion of the metallic content. The introduction 
of about } per cent. by weight of zinc chloride 
liberates the metal, enabling the oxide to rise, if 
somewhat unwillingly, to the surface as a fine 
dusty powder. ; 

In large plants skimmings are treated in an 
iron pot by themselves. As each charge of newly 
melted alloy reaches its teeming temperature, the 
skimmings from all pots in turn are deposited in 
one adjacent melting pot. Here, on attaining the 
right temperature, flux is added and stirred in, 
the pot temporarily closed, and the dross allowed 
to rise for skimming off. Almost the whole of 
the metallic content is recoverable by ‘this method. 


Machine Swarf, Sawings and Other Fines. 


These are the béte noir of the foundryman, and 
if not logically treated they may be a continual 
source of loss. The extent of this loss may not be 
appreciated in many cases, since it is not very 
widely known how, with a little thought and 
trouble, this class of material may be made to 
yield a high percentage of reclaimed metal. 

Some foundries sell all fines to metal merchants, 
a method of disposal which for simplicity cannot 
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avell be improved upon. The market rates obtain- 
able are, however, low, and it is largely on this 
account that attempts are made to reclaim 
sawings, etc., which tend to run into large figures 
on a heavy weekly output. 
_ Any attempt to melt down fines direct in bulk 
is doomed to failure at the outset from the point 
of view of economy. A moment’s consideration of. 
the conditions will indicate this. Hach ‘and every 
particle im the mass of sawings is coated with a ~ 
thin but tough skin of oxide. By raising the tem- 
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= perature of the mass sufficiently, the metal 
: within that oxide skin may well be brought to a 
ea molten condition. That, however, is a matter of 
= time and of high temperature, because of the essen- 
es tially low. thermal conductivity of such a mass; 
s and both time and temperature are all that are 
— needed to thicken that oxide skin, and to make it 
=e increasingly difficult for the extremely light drop 


of molten alloy to break through it and fuse with 
the next. At a temperature of 850 deg. Gr the: 
finer sawings begin to burn actively, as seen by 
the brilliant glow which starts in patches here 
and there. If this action is allowed to continue 
the whole mass is quickly converted to oxide. Yet 
in the direct melting of fines it is difficult to get | 
any change in the charge at all unless this tem- 
perature is approached. 

The addition of large percentages of zinc 
chloride assists matters, but whatever flux is used 
the tendency to oxidation in this process is 
extremely marked. In other words, time, labour 
and melting charges are largely expended in con- 
verting a potentially valuable material into one 
which can be dug up in any back garden. 

a For this reason it is more general practice to 
be provide a good heel of already molten alloy in the 
= pots, into which the lower layers .of fines are 
s forced by the weight of the charge above. The 
. insidious danger of this method lies in the very 
fact that it is such an improvement on the first 
method and that the value of the metal recovered 
generally exceeds the sum obtainable for the 
swarf itself. Thus the system appears economical 
enough: there is a tendency to take what the 

gods provide and to rest on one’s oars. 2 
Yet the total yield against that theoretically 
possible is invariably low: there are indeed cases 
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on record where the total weight of metal — 
recovered has been no more and no less than that 
of the original heel with which the long and costly 
operation was started. It cannot be too strongly 
emphasised how readily dines are converted to 
oxide, and how easy it is to reach temperatures at 
the bottom of the pot which will tend also to 
oxidise the heel. If this same heel were system- 
atically weighed before each reclaim melt were 
started, the net effect would often be found dis- 
appointingly low after “ running down” a large 
quantity of sawings. =) 

In foundries having a keen and _ intelligent 
executive this factor has received due recognition 
for some time, and as a result of much patient 
experimental work in this country and in America, 
a method of dealing- with sawings and similar 
swarf has been developed which does reclaim a 
high percentage of the metallic content. 

Briefly, that method consists in providing a 
molten heel as usual, but in adding the fines only 
in small quantities at a time, and puddling each 
quantity thoroughly into the heel before adding 
more. 

Now, to rabble these sawings into a molten heel 
of metal may be compared with pushing cork 
packing into a bowl of mercury with a pencil: an 
intriguing proceeding, but very. unproductive of 
useful result. For this reason the heel is kept at 
round about 670 deg. C., or in a pasty condition. 
The particles are brought to this pasty condition 
by intimate contact with the heel, and the oxide 
skin is broken down by sheer mechanical abrasion. 
In other words, the particles are welded into the 
mass, at a temperature at which welding best 
takes place and rapid oxidation does not. 

The sawings are introduced little by little and 
the mass steadily puddled, until all oil is burnt 
off, the oxide skin broken down, and the particles 
join the growing solid mass of the heel. If the 
latter gets too liquid, drop in a lump of large 
scrap. . When it gets too large for convenient 
manipulation, allow the temperature to rise until 
the mass is thoroughly fluid, stir in from 1 to 
1 per cent. of zine chloride and immediately skim. 
Ladle into chill moulds leaving enough in the heel 
to recommence operations, drop in a lump of scrap 
to reduce the heel to a pasty condition, and start 
again. 
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A word in regard to those skimmings. If they 
are stacked in piles intense heat is shortly 
developed, burning out any zine content, convert- 
ing any metallic shots to oxide, and generally 
ort the value of the material. | When the 
pot is skimmed, therefore, spread the skimmings 
out at once on the floor or on iron plates, so as to 
force it to cool rapidly. When cool, a considerable 
amount of metal may be riddled out of this 
material and re-charged for melting. The final 
dross, riddled free of metallic content of any 
importance, is a saleable commodity to industrial 
chemists at a few shillings a ton, which is just 
better than having to pay either rent for dumping 
or freight charges for carting away. 

The percentage recovery by the above method is 
remarkably high, but the best results are only 
obtained if sawings, etc., are kept reasonably 
clean. The presence of oil and grease are ‘prac- 
tically unavoidable: they are used: as lubricants 
in sawing. A certain amount of dust is also 
unavoidable: but if a labourer is allowed to sweep 
sawings right across a shop to a general heap, 
he will collect much dirt and foreign matter which 
is wholly avoidable. 

This method needs constant attention, and the 
criticism which may be urged against it is cost 
of labour. In actual practice labour costs are 
little affected as compared with any preceeding 
method, whilst the yield per cent. in reclaimed 
ingot amply compensates for any extra trouble or 
supervision. The need for continual puddling 
renders it impossible to use a lid on the pot, and 
although from a technical standpoint this is not 
serious. because of the low temperature employed, ~ 
from the human point of view a word should be 
put in for the operator. It is very desirable in 
the interests of health to use a well cowled furnace 
for this process, and to see that chimney capacity 
and surrounding ventilation are beyond reproach. 

Grindings, from emery wheels and buffs collect 
in the receivers provided, together with much fine 
abrasive material. The metallic content is in an 
extremely finely divided state, and is difficult to 
deal with by any known method suited to foundry 
routine, This material is best sold to chemical 
manufacturers for what it will fetch, for recovery 
or conversion by chemical processes. 
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SUMMARY. 

The foregoing hints on the peculiarities of light 
alloys, and how they may be dealt with in the 
foundry, touch only the fringe of the subject. 
Like the warnings and hieroglyphics that plaster 
the highways, however, they will scem as compli- 
cated to the tyro as they may be almost. irritat- 
ingly superfluous to the expert. Yet those same 
road signs are regarded by novice and experienced 
motorist alike with due respect, and so the world 
becomes a little safer for democracy. And that is 
all that is aimed at. = 

Obviously aluminium castings are produced 
successfully from one year’s end to another by 
men who never bother their heads about specific 
gravity, and who have never heard of crystallisa- 
tion shrinkage. ‘There are castings produced in — 
thousands which are poured down one hole in the 
cope, and that hole becomes the solitary Tiser : 
and they are poured from re-melted Zeppelins or 
parts of submarines sunk in the early part of the 
late war, regardless of chemical composition, con- 
tent of alumina, regardless of anything beyon 
cheapness of raw material and saleability of the 


finished article. 


Tt is to the credit of aluminium that such cast- 


ings do sell, and that they do quite often stand 
up to their job. Tt discredits aluminium when one 
casting fails to stand up to the service ib was 
designed for. 


Light casting alloys are at least as reliable as 
any other engineering material, given attention 
to the above points; no aluminium casting need 
ever fail in service, given reasonable design for 
the job in hand, and careful, interpretation of the 
instructions we have given. The advantages which 
accrue from the use of reliable aluminium cast- 


ings are so striking, that a little organisation on 
the above lines w 


ill well repay those who care to 
take the necessary trouble. 


Advantages of Aluminium Castings. 
The most obvious advantage is the weight reduc- 
that where one buys 
e a brass casting the same 
ee aluminium castings. In 
handling and freight charges 


enough metal to mak 
weight will make thr 
addition there is lower 


716 


and so on. The economical points are now fairly 
generally recognised. What is not quite so gener- 
ally recognised is the value of low weight tech- 
nically, in the case of parts which must be 
accelerated rapidly and brought to an abrupt 
standstill. As, for instance, in large quick-break 
switch parts, in which simple aluminium castings 
have been known to stand up where high tensile 
bronze castings failed. 

The speed of machining possible with the alloys 
referred to is notoriously high: an economical 
factor in an age when time is money. 

The finish obtainable on light alloy castings is 
at least equal to that of brass and incomparably 
superior to iron. A polished surface on aluminium 
is as beautiful as one of brass, and it lasts longer. 
This particularly applies to castings exposed to 
sulphurous fumes or an atmosphere of burnt gas. 
Gas fittings, for example, when made in any of the 
above alloys, neither tarnish nor corrode in the 
unsightly manner seen in brass fittings. 

Finally, all the alloys outlined may readily be 
die-cast in cheap cast-iron chill moulds, gravity 
poured by unskilled labour. 

The economical value of die-casting need not be 
unduly stressed here, since it is so widely appre- 
ciated. It is so generally recognised that the die-. 
casting of brass has received close and costly 
attention of late, while in the States at least one 
firm produces iron castings from permanent 
moulds. 

Neither in brass nor in iron, however, is the 
operation carried out with the extreme facility 
seen in aluminium, nor do the dies cost so little 
or last so long. Where great numbers of small 
parts to the same design are required, there the 
utility of an easy die-casting medium “is most 
emphasised. And in this the alloys of aluminium 
excel. 

Wasters are cut to a minimum, machining is 
largely eliminated or is simplified by ease in 
jigging, a large output may be steadily maintained 
from a very small floor space, and the strength of 
the casting is rather better than from a sand 
mould. No material, suitable as a substitute for 
brass in general engineering, offers these econo- 
mical advantages except aluminium. 
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PATTERN SHOP AIDS TO,FOUNDRY~ - 
PRODUCTION. 


—_———— 


By F. C. Edwards, Associate Member. 


The popular conception of a pattern-shop, as a 
place where patterns are made to given drawings, 
is only true in part. It implies that, in making 
patterns, finality is attained when agreement is 
secured between pattern and drawing. A more 
mischievous half-truth would be difficult to find! 

The misconception might safely be ignored, but 
for the fact that it frequently invades the pattern- 
shop itself. Here, by confining the attention 
of otherwise skilful craftsmen too completely to 
the relationship of pattern and drawing—thus 
obscuring the need for that special equipment 
which enables a pattern to fulfil its réole as a tool 
for’ the production of castings—it imposes 
gratuitous handicaps on the foundry. 

Actually the pattern-shop, as the intermediary 
between the designer and the foundryman, func- 
tions as a translator. And just as the literal trans- 
lation of a foreign language is often crude ‘and 
meaningless, so a pattern may be such a perfect 
reflection of the blue-print as to be, in service, 
a very imperfect—or even useless—medium for the 
production of castings. Something more, indeed, 
than the shaping of material to conform with the 
blie-print (admittedly, an art in itself) is re- 
quired of the pattern-shop. It should present the 
designer’s idea with such plus or minus modifica- 
tions as will facilitate its safe transformation into 
the actual casting. i 

This predicates the existence of certain con- 
ditions. Of primary importance is the spirit of 
co-operation, which Should actively permeate both 
departments. Both the pattern-shop and the 
foundry, of course, have their own peculiar pro- 
blems, the solving of which require that long per- 
sonal experience which alone can provide a reliable 
basis for sound judgment. And although, up to 
a point, they may be regarded as separate units, 
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it is only through their harmonised efforts that 
the way to general efficiency lies, Such a spirit 


emboldens the foundry to express its troubles, 
and to suggest. remedies—thus extending. the 


horizon of the pattern-shop. Gradually the latter 
acquires the foundry point of view. “It realises 
that a pattern should not only measure up cor- 
rectly, but must submit to a higher test, that of 
its behaviour in the foundry. 

Such an atmosphere promotes the exercise of 
pattern-shop initiative. If this is to function 
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efficiently, however (since it may involve some 
departure from the blue-print), the nature of the 
service for which the castings are required should © 
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be clearly understood. No radical divergence from 
design—beyond recognised limits, having the com- 
plete acquiescence of the drawing office—is here 
suggested. The designer’s idea is most likely to 


succeed when the pattern-shop is aw fait with the 
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actual requirements of the castings. For it should 
be remembered that questions affecting taper, 
fillets, clearances, machining operations, etc., are 


continually calling for reasoned decisions on the 
part of the pattern-shop. 

When these conditions are fulfilled, pattern-shop 
aids to foundry production should be abundantly 
forthcoming. The principal sources are as 


r 


2 : 721 


ae 


follow : (1) Reinforcements in pattern construc- 
tion as preventives against pattern shrinkage, 
warping, or ramming out of shape; (2) correct 


- jointing of patterns, to facilitate moulding, and 
to obviate, as far as possible, unsightly joint 
marks on the casting; (8) the judicious employ- 
eo. ment of cores in order to eliminate difficult joint- 
ing operations and drawbacks; (4) the provision 
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of ample bearing, surfaces for cores, and the 
generous employment of side taper on core prints 
to obviate mould disturbance cn the withdrawal 
of the pattern, and to promote aceuracy of core 
location; (5) the adoption of easily-recognisable 
variations in the forms of core-prints employed for 
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similar, though not identical, cores; (6) the. 
limitation of small loose pieces, so far as prac- 
ticable, and, where unavoidable, such pieces to 
be held in position by dovetails or other suitable 
methods as will render the loose pieces proof 
against displacement by ramming; (7) facilities 
for rapping and withdrawing patterns from the 
mould. - 
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Pattern Reinforcement. 

An example of pattern reinforcement is seen in 
Fig. 1, which represents a pattern of a mouth- 
piece ring. The job is moulded as shown, and 
leaves its own core. Lugs A A are required to 
be cast on opposite sides of the ring. The body of 
the pattern is built up of segments. <A bead, 
which is required round the bottom edge, 1s seen 
wired on in loose sections. : 

Now if the lugs A were separately attached to 
the comparatively thin wooden ring, they would 
probably become loosened by rapping and pattern 
withdrawal after one or two castings had been 
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Tf the moulder continued to use “the 


made. ~ 
pattern, further castings might be rejected 
because of the lugs being bent out of their 


required plane. In such a case all risk of lug 
displacement may be eliminated, and: the moulder 
permitted to rap away to his heart’s content 
without fear of reprisals, if both lugs are formed 
from one continuous piece of wood, B, extend- 
ing from side to side of the ring and built into 
the body of the job. The-connecting piece B is 
well tapered, and is “ stoppered out’ of the 
mould after the pattern has been withdrawn. An 
incidental advantage of the connecting bar is that 
it conveniently carries a rapping plate C. The 
outside bottom edge of the body of the pattern 
is slightly recessed so as to form a shoulder for 


the bead. 
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It is sometimes possible to arrange reinforce- 
-ment members in such a manner as to reduce, or 
to cut out completely the work of stopping-off. 
An example of this kind is illustrated by Fig. 2, 
where the stopped-off reinforeement is repre- 
sented by the sectioned strips D. If such a 
frame were sent into the foundry without some 
form of stiffening beyond that supplied by the 
shape of the required casting, it would need very 
special care and attention on the part of the 
moulder to prevent distortion or fracture of the 
pattern at the corners whilst the job was being 
rammed up. It will be noted that internal 
. recesses E are cored out in each side of the frame. 
Such thickened portions form ideal anchorages 
for pattern reinforcements. The strips D are 
inserted well into the body of each block and are 
stopped out automatically when the cores E are 
placed in position. The extension F, it may be 
observed, is a continuation of the central rein- 
forcing bar, halved into each end block. With 
the reinforcement arranged as shown, it is prac- 
' tically impossible to ram the pattern out of the 
square, and this with no addition to moulding 
operations. 

Wherever battens are used to reinforce a weak 
plate (it is understood, of course, that they should 
only be resorted to when other methods of con- 
struction fail to give the necessary support), they 
should be placed on the bottom side of the 
pattern as moulded. If placed on the top side, 
they might probably be in the way of the mould- 
ing-hox bars, besides entailing more or less risk 
in stopping off. 


Pattern Suitability for Moulding. 


Before proceeding with the construction of the 
pattern this point should be definitely settled. 
Nothing hinders foundry production more than 
a pattern made the wrong way for moulding. In 
cases where any considerable part of the pattern 
projects into the cope, the pattern should be 
jointed and dowelled along the plane dividing the 
cope from the drag. This enables the top part of 
the pattern to be lifted up with the cope. When 
the latter is turned over, the pattern can be 
withdrawn as easily as its counterpart in the 
drag. It should be remembered, however, that 
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aie the moulder prefers to have as much as possible ~ 
7g ~. of the job in the drag. For this. reason it is 
--—s- sometimes advisable to build the main body of 
_ the pattern in one piece, and to dowel on loosely 
such bosses or brackets that unavoidably project 
into the cope. 


Cylindrical Patterns. 


Whether cylindrical patterns should be jointed 
to mould ‘‘on the flat,’’ i.e., along their axial 
plane, or ‘‘on end” will depend upon: (1) the 
requirements of the casting, and (2) upon the 
moulding boxes available for the job. The 
4 pattern-shop can best serve the foundry, in these 
_— ~~ eases, by making inquiries before proceeding with 
the pattern. Cylinders, rams, etc., will generally 
require an extension to form the ‘‘ feeding 
head’ at the end of the pattern proper which 
; is intended to be top as cast. This should be 

y built in as part and parcel of the pattern. It 
-. should be of ample proportions according to the 

size of the job. One should err on the large side, 

as it is quite as easy to cut off a head, say, 12 in. 

long as it is to cut off one, say, 8 in, As to the 

best shape of riser head, there is some difference 

of opinion amongst foundrymen. The author, 
however, has found that the best results accrue 
z from the employment of a swelled feeding head, 
similarly as shown in Fig. 3, in preference to a 
| ' perfectly straight or plain tapered head. 


Replacement of Drawbacks by Cores. 


Where cores are used on the outside of a cast- 
ing as alternatives, say, to drawbacks, the shape 


=. and extent of the corepoint will often determine 
“a whether such cores are to serve as aids or as 
tg hindrances to the foundry. This is especially 
a applicable in dealing with green-sand moulds. 


For even if the core fits the point perfectly, and 
is quite flush with the mould, the casting may 
exhibit different surface levels consequent upon 
the difference in the relative hardness of the 
dried core and the green-sand mould respectively. 

A case of this kind is illustrated by Fig. 4. 
Here G represents a frame casting as moulded. 
A recessed panel is required in one side as at H. 
This, of course, may either be cored out or taken 
out with a drawback. Coring is the simpler method 


eS iy aL 


ho ee 


‘2 
it 
\ 


Be ses 


for the foundry. The coreprints may be arranged 
in one of the three methods shown respectively 
at J, K, and bL, which represent cross-sections 
through the panel portion of the pattern. In 
the case of J, the moulder would either joint 
down to the level of the top of the point M or 
cut away the mould to aliow of the withdrawal 
of the pattern, and subsequently make up the 
mould after the core had been placed in position, 
It is obviously better to carry the point to the 
top of the job, as shown at K. This does not 
exhaust the available aids. For if the point is 
merely carried down to the bottom of the recess, 
the lower edge of the casting N—formed as it is 
fromthe green-sand mould—would most likely be 
found very uneven. The best kind of point is 
that as shown at lL, where the core extends the 
full depth of the job. Incidentally neither the 
pattern nor the corebox is appreciably more diffi- 
cult to prepare than in either of. the other 
methods. 


Balancing Cores. : 

Adequate bearing surface for cores also materi- 
ally aids foundry production. Where a core is 
likely to ‘‘ tip,’’? the moulder is compelled to use 
chaplets, sprigs, etc. This means loss of time, 
in addition to the increased risk of scrap, on 
account of the presence of chaplets. A very 
simple example is seen in Fig. 5, which repre-_ 
sents the longitudinal section of a dead-end 
cylinder. The part of the core. P, which takes a 
bearing in the point, should be heavier than the 
“portion overhanging in the mould. This renders 
the core completely self-supporting. The taper Q 
is a further aid; it facilitates the withdrawal both 
of pattern and core. Moreover, with an over- 
hanging print—i.e., one larger than the diameter 
of the casting, such a job could be moulded 
and cast on end, the overhanging portion Q 
taking the bearing. 

In large, heavy cores, even where bearing sur- 
faces at opposite sides of the core rule out all risk 
of “ tipping,” it is misguided economy to save 
wood by cutting down the thickness of the prints. 
For although the moulder may ram up iron plates 
on the bearing edges of the prints to obtain a 
firmer bearing for the core, the width of the core 
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bearing itself—unless the moulder takes antici- 


-patory measures to increase the bearing—will 


remain that as determined by the print. This, in 
heavy work, should not be less than 3 to 4 in., or 
even more. 


Coring-up a Box-like Casting. 


By adopting methods for eliminating risk of 
error in coring up moulds, the pattern-shop may _ 
save much waste of time in the foundry, besides 
an oceasional batch of scrap castings. The mere 
removal of doubt, indeed, as to the correct loca- 


tion of cores, must tend to expedite production. 


The example illustrated in Fig. 6 represents a- 


_“ box”? casting, in which slotted bearings are re- 


quired in each corner similarly, as shown at R. 
Now, there are at least three methods in which 
these bearings can be formed in the box. Single 
slot coreprints could be employed, as seen at S. 
One objection to this method is, that if even the 
print impressions in the (creen-sand) mould were 
exactly as the pattern, the moulder might not 
maintain their correct alignment in coring up the 
job. Moreover, they come in the cope. 


An improvement on this method is to extend 
the coreprint right across from one bracket to 
the other, as seen at T. Instead of two separate 
cores, the slots are now formed by one continuous 
core; the correct alignment of the bearings is 


‘maintained, and the cores rest securely in the 


drag. . 

There is, however, room for further improve- 
ment. It will be seen that the space, U, between 
the end brackets and the side of the frame is very 


restricted. Such a strip of green sand would re- 


quire to be very securely ‘‘ rodded ”’ to prevent 
its becoming dislodged as the job was being poured. 
This risk could be eliminated by the adoption of 
plain, block coreprints in each corner of the box, 
as seen at V, and making a corebox to suit. To 
add further refinement to the job, the coreprints 
could be arranged to bring all the cores identical, 
i.e. made from one corebox. The slots, of course. 
would be formed in the brackets, as part and 
parcel of each core—not as separate cores. An 


incidental advantage is that such block prints 


add considerably to the strength of the pattern. 
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Moulding a Bearing Frame. 


That the overhauling of long-established methods 
in the light of advanced practice generally yields 
profitable results, is as true for the pattern-shop 
as it is for any other branch of engineering. 
Figs. 7, 8 and 9 illustrate a typical case in point. 
In Fig. 7 is seen plan, side elevation, and details 
of a bearing frame. Cored recesses containing 
slotted brackets, EH, are required at each corner 
and at the centre of each side. 


The pattern was originally made with core- 
prints projecting from the inside of the frame 
(shown sectioned in plan). It should be noted, 
that at each corner of the frame, between the — 
edge of the coreprint and the side of the frame, 
there is a space, F. As in the previous example 
(U, Fig. 6), such a space not only causes extra 
work for the moulder, but may be a source of 
scrap. The cores were made out of the boxes 
shown in Fig. 8. Slot cores were made from the 
“small box, dried, and afterwards inserted into the 
print impressions formed in the large core by the 
plugs X. This involved further risk of scrap 
owing to the possible mal-alignment of the slot 
cores. The method reigned, however, undisturbed 
for years. 


An improved method consists of squaring up the 
ends of the brackets, E, as shown at G, Fig. 7 (a 
permissible alteration to design), which allows of a 
simpler core being made and the offending core- 
prints eliminated. The corebox is shown in Fig. 9. 
The brackets are joined through the slots, which 
enables the latter to be formed as part and parcel 
of the main core. This obviates the risk of in- 
correct alignment of the slot cores. The ends of 
the brackets, being squared, favour the absence 
of prints, and the moulding trouble at F auto- 
matically disappears. The bottom prints are re- 
tained, of course. These, in conjunction with the 
inside wall of the mould, against which the e¢ores 
rest, are found to provide adequate bearing sur- 
face and support for the cores. 


Cores to be Distinguishable. 


In those cases where two or more cores, in the 
same job are apparently, though not actually, 
identical, the pattern-shop should take especial 
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eare to. differentiate clearly between their respec- 
tive coreprints. It should not be necessary for the 
moulder, say, to compare cores, to measure them, 
or to try them against the mould in order to 
determine their correct location; at the first 
glance, he should be able to select, from a number 
of cores, the particular one he may require for 
any part of the mould. Such locating features 
should be arranged, of course, so as not to entail, 
in themselves, any extra work in moulding or core- 
making. F 

The simplest locating ‘‘ point,’ both for dis- 
tinguishing between cores, as well as for indicating 
their individual orientation, is that ~commonly 
used with the square, or rectangular print, as 
seen at H, Fig. 10. The corner removed should 
be sufficiently large to avoid possible confusion 
with those accidentally rubbed off the core by 
handling: it should be definitely distinctive. A 
corresponding corner piece must be arranged, of 
course, in the corebox. 


An Example. 

How a more complicated job may be dealt with 
is seen in Fig. 11. Here a circular casting con- 
tains variously-shaped internal brackets and 
bosses. The inside of the mould is formed in eight 
sections of core. Wherever the sections are 
identical, the same locating feature is employed. 
Differences, however, are clearly registered by 
locating features, which differ, both in shape and 
size, to such an extent, that there is not much 
fear of wrong core location. For instance, since J 
is longer than K, and K is thicker than J, these 
cores cannot be interchanged without cutting 
away the mould. The two cores, L, being in every 
respect identical with each other, are given 
identical locating features. These, again, are 
easily seen to differ from those of M; the latter 
being a projection on the core, and the former a 
recess. It should be noted, in passing, that ample 
bearing surface is provided for the cores. 

The great possibilities of the oil-sand core open 
up another field of aids to foundry production, 
which the pattern-shop will do well to explore. 
The simplicity with which these cores are made, 
and the comparatively short space of time re- 
quired for drying even the largest core, added 
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“to the fact that they may be built into a green 
- gand mould several days before casting, with 
immunity from moisture effect, places them in an 
altogether different category from that of the old, 
dry-sand core when the question arises as to the 
advisability or. otherwise of employing cores to 
save difficult jointing operations, or to form deli- 
cate parts of the mould which are likely to break 
away whilst the pattern is being withdrawn. 


Eliminating Mould Repairing. 

An example of the latter kind is illustrated by 
Figs. 12, 18, 14 and 15. Fig. 12 represents the 
end of a cast-iron bearing frame, 16 ft. long, 2 ft. 
wide, and 7 in. deep. The pattern, as originally 
made, is seen in Fig. 18, which explains the 
method of moulding. The top of the job in the 
figure—which is the side as moulded—is taken 
away by means of a specially-constructed draw- 
back box. With regard to the end, it will easily 
be realised that after the pattern has heen given 
the necessary rapping to enable it to be with- 
drawn, the mould, especially between the core- 
prints and facing strips, presents a very dejected 
appearance. Each end might possibly take half- 
an-hour to repair. Moreover, the disturbed print 
impressions would then form very unreliable 
guides for the slot cores. 

When the pattern is arranged, as in Fig. 14, 
the ends of the frame, being made up as: plain, 
well-tapered blocks, they not -only require much 
less care in ramming up than those as shown in 
Fig. 13, but easily withdraw from the mould with- 
oué causing any disturbance whatever. This 
means that mending-up is not required. Further, 
instead of having to place the three slot cores 
‘separately in the repaired print impressions, the 
moulder has but one brick-like core to handle. 


The. box for this core is shown in Fig. 15. Tt will 


he noted that the slot cores are made as part and 
parcel of the large core. No variation can thus 
occur in the centres of the holes. 

Made in oil-sand, this core can be produced in 
the time previously occupied in making the slot 
cores alone. Tncidentally, these cores are made 
without being vented. Two additional advan- 
tages of the block core method, as shown in 
Fig. 14, are:—(1) Stronger pattern construction, 
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and (2) the corebox can be used for other patterns 
having the same standard type of end. 
Oil-Sand Cores and Economical Production. 
The point which is emphasised by the above 
example is, that an altogether different standard 
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of comparison now obtains between the respective 
operations of moulding and coremaking than was 
formerly the case. Thanks to oil sand, difficult 
moulding problems may now be transferred from 
the foundry floor to the coremaker’s bench at a 
greatly reduced overall cost, ; 
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By avoiding the use of loose pieces, wherever 
practicable, the pattern-shop may indirectly help 
foundry production. | For-loose pieces are not 
only liable to get out of place whilst the job is 
being rammed up, but may inadvertently be left 
in the mould to be partly, or completely, burnt 


away by the molten metal when the job is poured. 


A slight alteration in design is sometimes all that 
is necessary to eliminate the need for the loose 
piece. It is here that the pattern-shop may profit- 
ably exercise its advisory functions as the inter- 
mediary between drawing office and foundry. In 
close touch with both departments, and implicitly 
trusted, as it should be, by each, it can often 
point the middle path, and thus reconcile -con- 
flicting requirements. 

Provision for the rapping and withdrawal of 
patterns from the mould is an aid that is worth 
much—though it costs little. Its value, especially 
where a number of castings are required, lies not 
alone in the fact that it considerably lengthens 
the life of a pattern, but that it enables a 
pattern to maintain its accuracy and finish a 
great deal longer than an unarmoured pattern. 
The neglect of this provision is prima _ facie 
evidence that foundry operations have not been 
completely visualised by the pattern-shop. It 


suggests the presence of other shortcomings, and — 


the moulder is thus tempted—or, rather, driven— 
‘“‘to take the law into his own hands.’’ The 
normal foundry procedure where a_ weighty 
pattern is devoid of rapping plates, is to accord 
the roughest type of treatment, usually selecting 
the weakest portion into. which to drive a 
spike. A weak lug, a fragile bracket, or a badly- 
made joint, appear to exercise, at these moments, 
some fascination. The moulder then proceeds to 
add insult to injury by opening out the hole with 
a red-hot poker! 

Lifting straps are equally important accessories 
in the case of deep, or of heavy patterns. They 
should not be allowed to project into the cope— 
i.e., the top of the straps should be level with 
the top of the pattern. This means, of course, 
that the pattern must be cut away round the 
hole of the lifting strap. Another method. 
especially for ‘‘ boxed-up”’ patterns, is that of 
the loose, screwed rod and top and hottom plates. 
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Importance of Varnishing Patterns. 


A well-varnished pattern, whatever may be its 
other shortcomings, has an air of respectability. 
This, in itself, is a psychological asset, which 
easily offsets the cost of the varnish. Respecta- 
bility commands respect. The moulder who would 
bruise unmercifully every available part of an 
unyarnished pattern, instinctively recoils from 
applying rough treatment to the same pattern 
when nicely varnished. As a physical preserva- 
tive, varnish is unquestioned. 

The Colouring of Pattern Parts. 

Differently coloured varnish should be used to 
denote metal, core and machined faces respec- 
tively. Parts to be stopped-off should also be 
distinctively marked. It is good practice, also, 
to paint the pattern number on the job in large 
figures (it will not, of course, take the place of 
the raised identification figures which are to 
appear on the casting). The metal in which the 
casting is to be made should also be indicated 
on the pattern. This can be done either by 
adopting standard colours to represent the re- 
spective metals used, or merely by painting the 
name of the metal or alloy on the pattern. 
Whether the pattern is to be used directly to 
obtain the castings, or if it is intended for a 
metal pattern, should be stated. These are more 
or less minor aids, but they save subsequent ques 
tions, and may prevent scrap, 

The above examples, taken as a whole, clearly 
show that a knowledge of foundry operations is 
essential to the patternshop; that this know- 
ledgé, indeed, is the inevitable price to be paid 
for pattern-shop efficiency. Additionally they 
suggest that the everyday work of the pattern- 
maker becomes more and more interesting in pro-_ 
portion as the troubles and pitfalls that beset the 
moulder are understood. Surely there can be no 
pleasure comparable to that of visualising, step 
hy step, the various foundry operations of any 
given job, and arranging pattern and coreboxes 
accordingly. _ Smoothing the way here; re 
inforcing the ground there; barring this 
dangerous route; rounding that risky corner; and, 
generally, by the removal of doubt, to ensure a 


" speedy and. easy passage to the goal of foundry 


production. 
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‘ ~ Lancashire Branch. 


PATTERN-MAKING AND ITS RELATION TO 


DESIGN AND FOUNDRY PRACTICE. es 


By R. W. Kemlo, Associate Member. 
Though pattern-making as a trade in itself may 
be a comparatively recent introduction it is 


actually of great antiquity. Pre-historic man _ 


after discovering the molten metal in his fire, 
then finding that it could be worked into shape 
by hammering, eventually found that it could be 
run into moulds and the desired shapes obtained 


without so much hard labour. There is much 


evidence that moulds were carved from stone, and 
no doubt many were modelled in clay by hand 
without the aid of a pattern, but probably it 
would not take long for our pre-historic forebears 
to find out that by making a model of the casting 
he wished to produce he could make a mould much 
more readily. 

Various materials have been used for making 
patterns, and no doubt pre-historic men made 
their early patterns in clay. In later periods wax 
has played a prominent. part in the making of the 
models used, and it is well known how the moulds 
were made around the wax models, then placed in 
ovens and the wax melted out of the mould 
leaving the space for the metal to run into. This 
class. of pattern was, of course, useless for 
repetition work. ts 
/ Although the present-day pattern-maker is a 
specialist, he must have a sound general knowledge 


of engineering, he must understand the principles _ 


and method of moulding, machining and fitting 
together of the parts he has to make. 
Relations with Drawing Office and Foundry. 
This relationship is very important. Machines 


with machine parts are often designed by men _ 


who give very little thought as to how the parts 
will subsequently be made. In_ the _ rush of 
modern practice, the draughtsman is often called 
upon to give preliminary drawings to enable the 
pattern shop to start. One of the first essentials 
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in the pattern shop is plain, readable drawings,. 
but often these preliminaries are so faint that ib 
is difficult to distinguish either lines or figures, 
and errors are liable to creep in where least 
expected, Preliminary drawings should be easily 
read and sufficient detail be given to-enable the 
pattern-maker to visualise the job and get along 
with the work instead of being in doubt as to 
whether he is doing right or wrong. Cases 
could be cited where work has been put in hand 
from preliminary drawings which would have 
been made in an entirely, different way if more 
detail had been given and the workman had been 
able to visualise the job before it was started. 
There is a great tendency to-day to design parts 
to save joints and machining. ‘This is correct 
within reason, but it is often carried to such an 
extent as to cause considerably more work in the 
pattern shop and entailing considerably greater 
risks of wasters in the foundry. 

Take the simple illustration of a pipe with a 
bend at one end. The saving of the joint and 
extra machining is nothing compared with the 
expense in moulding and the risk in the casting. 
The idea may be to save expense in the machine 
shop, but designers must remember that the 
castings have to be made by the foundry, and a 
scrap casting may cost much more than a number 
of machining operations. At the same time, itis 
not claimed that the foundry can ignore the. de- 
mands of the engineers altogether, for if they can 
show any advancement in enginering science and 
the cheapening of production, the foundry must do 
its share to meet these requirements. The draw- 
ing office could give more attention to designs 
where stresses are set up in the casting, due to 
thick and. thin sections coming in close proximity. 
If the heavy portions are adjacent to thin ones 
und there is no possibility of feeding the thick sec- 
tion save through the thin one, pulls and tears and 
internal cavities are inevitable. Many castings 
are so designed that there is no chance of 
efficiently feeding heavy sections. It is not 
always possible to avoid this, but it should be 
taken care of whenever possible. Draughtsmen 
should make it part of their business to find out 
all they can about how castings are made,. as 
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this would tend to greater simplicity in design. 
Although the pattern shop can generally find a 
way out and transfer a pattern into the foundry: 
so that castings can be produced, the cost of that 
production may be a high one, whereas if the 
designer had known of the difficulties to be con- 
tended with he might have designed something 
simpler, but just as effective, which could be pro- 
duced much cheaper. Sometimes a little has to 
be sacrificed for appearance sake, but there is no 
doubt that if the draughtsman knew more about 
moulding methods, some of the pocketed and 
jagged design would disappear with beneficial 
results to everybody. 

The relationship between the pattern shop and 
the foundry should be such that free and open 
discussion should be possible when any question 
is in doubt. With the majority of jobs it is not 
necessary to call upon the moulder for his decision, 
the usual foundry practice being applicable, but 
the pattern-maker has carefully to examine the 
drawings and decide how the patterns must be 
made, taking into consideration that as the 
pattern is actually a tool provided for the moulder 
it must be made in such a manner as_ to 
facilitate the production of the casting. The 
method decided upon from the study of the draw- 
ing is of the utmost importance as the foundry 
will eventually suffer from any error of judg- 
ment at this point, so that it is here that in cases 
of complicated design the moulder should be 


brought in. He knows the conditions under 


which he has to work and he should know what 
tackle he has to use. Here inconsistencies in 
design may be corrected and modifications made 
which will simplify the work both in the pattern 
shop and the foundry. Unfortunately, it is often 
found that the moulder will not care to give his 
decision until he sees the pattern taking shape, 
but the proper time to say how a pattern should 
be made is before it is started and not after it 
is complete, and the failure of moulders to read 
a drawing or to visualise a job is a great dis- 
advantage. This does not throw any reflection 
on the moulder as a craftsman, but it would be 
to his advantage and enable him to take the place 
he should holdin the engineering industry if he 
2B 
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were able to diseuss a job right from .the 
drawing board. Patterns made to suit one— 
foundry do not always meet with the approval 
of another, and cases are known where patterns 
which have been made to suit one man and worked 
successfully have had to be altered when given 
to another man in the same shop. 


Contraction Allowances. 

Shrinkage or contraction causes much. trouble 
to the pattern-maker and moulder, and at times 
is difficult to deal with. The average contractions 
for cast iron in cooling is about 1/10-in. to the 
foot, cast steel about 7/32-in., brass and malleable 
iron approximately the same as steel, but the 
contraction of castings varies. with different 
factors such as the mixture of the metal, 
casting temperatures, the different rate of 
cooling, the thickness of the casting and. the 
general design of the casting. Castings of thin 
section cool quicker and contract more than thick 
ones. It is this difference in cooling that so — 
often causes trouble in the case of castings of 
unequal thickness. Large and heavy castings will 
contract less than thin ones and the presence of 
cores in castings of box sections will prevent con-" 
traction. In-making his allowances, the pattern- 
maker has often to use his judgment working on 
past experience on similar classes. of work. 
Unfortunately, he sometimes finds himself in 
trouble by having allowed either too much or too 
little. Another trouble due to contraction is 
distortiou. A thin plate may be moulded per- 
fectly flat and true, but when the casting is taken 
from the mould it will be found to be warped. 
This is due to the fact that cooling takes place 
first at the corners, then along the edges, and 
lastly in the centre. This is specially noticeable 
when a boss is cast in the centre of the plate. 
The chance of getting a straight casting is very 
remote. In many cases this can be counteracted 
by making allowance for this camber in the 
pattern, but here again the pattern-maker is 
working in the dark, for it is difficult to tell how 
much the casting will go and in which direction 
it will warp and often several castings have to 
be made before tHe necessary allowance can be 


determined. 
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= After carefully studying the drawing the pattern-_ 

maker proceeds to lay out the job full size to the 
‘= contraction rule marking on all machining allow- 
e - ances and the exact position of cores, if any. In 
- large work sections are laid down to enable him 
to visualise the job and map out the methods of 
building. In planning the building of a pattern, 
consideration has to be given as to the quantity of 
castings likely to be required and the strength 
required to resist the necessary ramming and with- 
drawal from the mould. The size of the job will, 
of course, decide a great deal. It is really sur- 
prising the amount of pressure put on a pattern 


when rammed up and the pull required to remove _.... 


it from the mould. The pattern has, therefore, to 

_ be constructed to withstand the pull and not come 

ne to pieces when being withdrawn. Taking pattern- — 

4 making in its simplest form, it is the making of 

a model which will be practically a duplicate of 

the casting required. If it is desired to produce 

— a casting off a block, say 12 in. square by 2 in. 

. thick, the pattern is simply a block of wood to 

these sizes. If a casting of a simple lever is 

‘required, the lever is reproduced in wood, some- 

times making the pattern in halves to facilitate 

making the joint in moulding. But the time 

comes when more vital decisions have to be made. 

A‘casting of hollow box form with overhanging 

flanges or pockets may be required, and in this 

case the pattern, if made exactly as drawing, 

~ could not be withdrawn from the mould. Cores or 

' drawbacks may have to be resorted to, or there 

may be loose pieces on the pattern which can be 

Say drawn into the mould after the bulk of the pattern 

a has. been withdrawn. In numerous cases all three 

methods have to be used on the same pattern. The 

decision as to whether a core or a drawback should 

be used is most important, as the cost of moulding 

may be considerably increased, and it is in a case 

= of this sort that the foundry could with advantage 

: be consulted and give their decision. 

~ In some cases it is possible to. produce a casting 

without going to the expense of a pattern. This 

is done by a method which, though sometimes 

entailing greater cost in the foundry, may save 
considerable cost in the pattern shop. F 
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Moulding a Pipe. 


As an illustration, a large straight pipe may be 
taken. All that is required from the pattern shop 
is a plain straightedge or strickle and two flanges. 
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The core-maker strikes the core up on a barrel of 
suitable size, using the straightedge, testing the 
diameter with callipers and finishing off to a nice 
smooth surface. After this has been dried in the 
stove it is again placed on the horses, and he adds 
another coat of loam equal in thickness to the 
thickness of the metal of the pipe, and the 


pattern-maker is then, called in to set the flanges 


LTT rat Saag 
= OSs z ee 
ore 


Fagen 


Fre. 10.—SHows FinisHep Castine. 


on the body to the exact length of the pipe. This 
is called a loam block or loam pattern. The 
moulder then uses this in the usual way, bedding 
the block into the floor up to the centre line,_ 
making his joint along the centre line and cover- 
ing the top half with a moulding box. After he 
has moulded both halves, the top box is lifted off 
and the loam block withdrawn. The mould is 
finished, the flanges and the thickness of loam over 
the core are stripped off, and core used in the 
mould, Steam-engine cylinders and numerous 


cylindrical castings can be made in this way by 
the addition of parts which can be set up on the 
loam block. Thus there is what is called the 
necessary tackle for making loam moulds. 
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Condenser Water Box. 


Cylinders and such large castings as turbo- 
generators, yokes, endbells, condensers, waterboxes 
and covers, and the like can be produced in loam 
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without making full patterns. It would be quite 
a big job, and require a good deal of illustration 
to show the making of a generator stator casting, 
but a short general description of a mould for a 
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surface condenser waterbox will show the prin-- 


ciples. Figs. 1, 2, 3 illustrate the boards or 
strickles and general details of the mould struck 
up in loam. The spindle, which may be any 
diameter to give a rigid centre, is fixed in a 
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suitable footstep in which it may revolve. On the 
spindle there is an arm which carries the strickles. 
This arm is made to-slide up or down to any 
required height. Sometimes the spindle is a fixture 
in the footstep, and the arm revolves on the 
spindle between two collars. When the job is a 
deep one, two arms are necessary to hold the 
poards or strickles. A cast-iron plate of convenient 
size and thickness for the work in hand is set up 
level over the footstep, and the spindle, with the 
arm attached, is placed in position through a hole 
in the centre of the plate. The board which forms 
the seating for the core is bolted to the arm and 
set at a suitable distance from the plate. The 


plate is wetted with elay-wash, and a thin facing 


of loam is levelled on top of plate. The moulder 
then proceeds to build up on ‘this to form the 
seating for the core. The bricks are laid with soft 
loam with open joints to allow air and gases to 
escape freely when the mould is being poured. 
The brickwork is faced with a coating of loam 
which is swept up in a rough state, and is then 
given another coating of fine slurry and swept up 
smooth and true with the seating board attached 
to this arm revolving round the spindle. 


When building up the brickwork the moulder 
has to make provision for the branches or any 
facings which may come in the way. When the 


seating is complete the strickle is changed for the 
core strickle. A cast-iron ring is placed in the 
bottom of the seating, and on this the moulder 
bricks up the centre core, facing the outside of 
the brickwork with loam and striking up smoothly. 
The bottom core ring is provided with staples for 
lifting, and when the core is finished to the 
required height as determined by the board it is 


lifted out of its seating and placed on one side 


out of the way. The outside of the mould is then 
proceeded with. The core strickle is taken off the 
arm and replaced by the strickle for the outer 
diameter. The branches for which full patterns 
have to be provided are now accurately set up im 


_position, usually by the pattern-maker, all the 


centre lines and measurements being taken- from 
the spindle. The branches being in position, the 
moulder then builds up the outer wall of the 
mould, making provision for runners and the joint 
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over the top half of the branches. The joint is 
necessary, as the branch pattern has to be with- 
drawn from. the mould and provision has to be 
made for setting the branch core in position. The 
outer wall is built up and faced on the inside with 
loam and struck up true with the strickle which 
forms the outside of the casting. The top part of 
the mould is struck up on a plate separate from 
the mould using another spindle, and the strickle 
provided for this purpose. ‘he building and 
strickling complete, the ‘moulder now carefully 
removes the branches, all facings, flanges and loose 
pattern parts from the mould, and proceeds to 
make up any broken edges-and finish off the 
mould. All surfaces which come in contact with 
the metal are given a coating of liquid blacking, 
which is carefully smoothed off to give the surface 
of the casting a good finish. The whole mould is 
then placed in a stove, and all moisture thoroughly 
dried out of it. 

When dry the mould is placed in a pit for 
assembling. The centre core and branch cores are 
placed in position, all core vents being carefully 
cleared and the mould closed. The outside is then 
rammed all round - with -floor-sand, and _ to 
strengthen the walls to withstand the pressure in- 
side the mould when %t is poured. The runner boxes 
are placed in position and made up, and the mould 
is ready for casting. This is only a rough: descrip- 
tion of making the mould, but it gives some idea 
of how this class of pattern is used. Small sizes 
of -waterboxes are usually moulded from full 
patterns, the flanges on one side being left loose 
and the cores made in boxes. This is the most 
economical method of moulding, but in larger sizes. 
the extra cost of the pattern would be prohibitive. 
In the same way fly-wheels, large pulleys and the 
like can be made either from full patterns or from 
a mould built up in cores, or from a mould struck 
up in loam with cores to form the ‘arms. 


Turbine Cylinder. 


Fig. 4 illustrates the inlet end of the top half 
of a turbine cylinder. The mould for this casting 
was built up entirely in loam; and only a small 
amount of pattern-making was required for the 
comparatively large job. It is approximately 5 ft. 
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diameier, and stands about 3 ft. high. Fig. 5 
shews all the pattern-making required to produce 
this mould. This is a very good illustration of 
how simplicity of design helps to lower the cost 
of production, for though the cost of mould- 
ing was rather more than it would have 
been if full patterns and coreboxes had been pro- 
vided, the cost of the pattern and boxes would 
have been considerable, and the saving in the 
foundry so smal] comparatively that one would not 
be justified in incurring the extra cost. 


Skeleton Patterns. 
~ When only one casting is required, and in cases 


where a casting may be only seldom called for, 


it is possible under certain conditions to rig? up 
a cheap or temporary pattern. Flat plates can 
be made from a simple frame made to the out- 
side sizes and thickness, the sand in the centre 


‘being strickled out. A plain ring can_ be made 


from a segment attached to an arm and rammed 
up a number of times to form the circle. Pipes 
of all sizes are frequently made from skeleton 
patterns. In many cases large skeleton patterns 
are made when the designs lend themselves to 
this class of work, and the number of castings 
required does not warrant the expense of full 
patterns. : 

Fig. 6 shows case of a typical skeleton pattern 
for the bottom half of the inlet end of a turbine 
cylinder. Owing to the irregular shape, it was 
hardly practicable to sweep up this mould, but 
the design lent itself to the making of a skeleton 
pattern; and Fig. 7 shows the casting ready for 
shipping. It is of interest to realise that the 
pattern-making in this case cost considerably less 
than full patterns, but the moulding cost was 
approximately one-third more than if a full pattern 
had been used. This shows a good saving on the 
first casting, but, should this casting be repeatedly 
called for the extra cost of moulding and the 
cost of fixing up, the pattern every time required 
will counteract any saving made. Sometimes 
only the outside of the mould can be struck up, 
and the inside is formed by cores made in core- 
boxes, and in some cases the centre core is struck 
up away from the ‘mould. This depends upon 
the designs and various conditions. Loose wood 
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patterns for moulding in green sand are made 
in various ways, according to their size and 
contour. Patterns for bedplates and castings 
of hollow box section are made in sections, each 
section being built up of frames half-lapped 
together and sheeted over with boards. 

In patterns of large size it is out of the ques- 
tion to make them solid. Jt is obvious that they 
would be too heavy to handle, and by framing 
and boxing considerable saving in. timber is 


effected, and the pattern will retain its shape 


better. 


Allowances for Taper. 


When making a pattern, it is necessary to make 
allowances for taper or draft to enable the 
pattern to be readily withdrawn from the sand. 
Tt will be readily understood that when the sand 
is firmly packed around and into all the corners 
of the pattern, it is liable to take much pull before 
it can be removed, and, if the pattern is per- 
fectly parallel, it is impossible to withdraw it 
without disturbing the shape of the mould. In 
the same way, if sand is rammed round a pattern, 
there must be clearance to withdraw the pattern, 
and the only way to provide the necessary clear- 
ance is either by excessive rapping, which knocks 
the mould out of shape. or by allowing suffi- 
cient taper, which, after a shght rapping of the 
pattern will enable it to be readily removed from 
the sand. The question of taper is generally 
left to the pattern-maker to decide, and he is 
generally accused: by the moulder of leaving in- 
sufficient. To quote from a recent article: ‘‘ The 
attainments of the pattern-maker in the way of 
draughting and working wood into various forms 
count as nothing to the moulder if he constructs 
patterns that will not draw. The moulder’s skill 
is proved by having a ‘good cast’; the pattern- 
maker’s (if he only knows it) by having a good 
draw.’ ‘To have the corners, edges, or portions 
of a mould started or broken through ill-drawing 
patterns is not only aggravating, but is often 
the cause of defective castings, Though this 
matter is one which has been left to the pattern- 
maker to deal with, it is one which might well 
be considered by ithe draughtsman before the 
drawing comes to the pattern shop. 


The pattern-maker’s difficulty 1s in determining 
which way to allow the draft, that is, whether 
to make his pattern larger at one end or smaller 
at the other than drawing sizes. Sometimes a 
middle course is taken, and it is made a little 
larger at one end and a little smaller at the other. 
Even then trouble may be encountered, especially 
when the castings have to be machined in jigs, as 
slight variations in sizes at the location point 
throw the centres of holes out of position. The 
amount of taper to be allowed on_a_ pattern 
will vary according to conditions. It is often 
necessary that certain parts have to be as square 
as possible, but wherever practical, taper should 
be allowed. It will be obvious that, if a 
pattern is tapered so that it will leave the sand 
freely, the life of the pattern will be prolonged, 
as it will not require to be rapped. The mould 
will be truer to shape for the same reason, and 
will not need to be mended up, as is sure to be 
the case when a bad draw results, and we will 
agree that it must be particularly aggravating. 
to any conscientious moulder to have his mould 
pulled to pieces and have to patch it up again. 

When the outline of a pattern is such that the 
mould has tobe jointed through the centre line, 
as in the case of a cylinder, ic should be made in 
halves. It is not always necessary to do this, 
but in most cases it is expedient that it should 
be so. It will facilitate the making of the mould 
‘joint, and more particularly it will save any dis- 
turbance of the sand when the top and bottom 
halves of the mould are separated. Each half 
of the pattern can be more readily withdrawn 
from the mould, it is often necessary to leave 
deep bosses and brackets loose, and when the 
pattern is withdrawn, the boss o1 pracket is left 
in the sand, and each piece is afterwards with- ~ 
drawn separately. 


Plate Moulding. 


Jt is true plate moulding has not been 
developed in this country to the same extent as 
has been the case in America. Quantity produc- 
tion has not been appreciated in the same degree, 
and owing to the lack of standardisation in the 
engineering industry, the need for it has not been 
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so great. In recent years, however, manu- 
facturers have become alive to the fact that only 
by such methods will they be able to hold their 
own in the markets, and are adapting their plants 
to cope with modern requirements. Under these 
conditions arrangements must be made with the 
draughtsman to simplify his design. The 
‘foundryman must endeavour to understand what 
the designer wants, and why the pattern-maker 
desires to do certain things. The designer must 
understand that the moulder has his difficulties 
to overcome, and is in a position to make sugges- 
tions. which may enable a-casting to be more 
readily produced, and should be prepared to con- 
sider any suggestions made. Designs should be 
carefully considered before put into work to 
ensure that they will be quite standard, as changes 
in this class of work are often very expensive to 
make, and patched up patterns do not tend 
towards rapid production, often being responsible 
for bad draws in the mould. : 

It does not follow that because a pattern is on 
a plate that it must be used on a machine. There 
are some jobs that can be more economically 
worked from a plate pattern rammed by hand. 
No matter whether one is using a machine or not, 
it is undoubtedly true that there are advantages 
in using pattern plates for repetition work over 
using loose patterns. With pattern plates the 
joint is already made and an accurate parting 
is assured. Plate moulding means that instead 
of the pattern being worked loose in the sand it 
is fixed on to a plate which may be either wood 
or metal, and the plate follows the joint line of 
the mould. In the foundry with which the writer 
is connected small patterns are fixed on metal- 
machined plates which are generally used for 
standard product in large quantities, and on 
machine boards for what may be termed semi- 
standard for smaller quantities, and the larger 
patterns are put on wood boards called follow 
boards to be worked on the foundry floor. The 
term ‘‘ follow board” signifies that one board 
follows the other or matches up to the other. 

Whether a machine is used or not there is 
unquestionably great advantage in using plate 
patterns for repetition work. Moulding boxes 
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should be standardised as far as possible, and so 
arranged that no superfluous sand has to be 
rammed. The patterns can then be arranged on 
certain standard plates or boards. With small 
loose patterns it 1s possible to group them together 
and make what is called an oddside. This may 
be made from sand, plaster of Paris or similar 
material, and forms the joint of one half of the 
mould. The first box is rammed up on this with 
the patterns in position and rolled over, the 
oddside is then removed, leaving the patterns in 
the half mould. The other box is then placed in 
position and rammed up in the usual way. But 
though this does effect a saving in time, .the 
patterns will still have to be handled, whereas 
with the pattern plates the patterns are fixed to 
the plate and all withdrawn together. It will be 
obvious how efficient the draw will be, seeing 
that the plates and boxes are all drilled to the 
same centres, and the pins in plates and boxes 
form steady guides in drawing the patterns. 


Mounting Patterns cn Plates. 


In plate moulding, when a pattern is in two 
halves, each half is fastened on a separate plate, 
each part is rammed up separately, and the 
moulding boxes are not brought together until 
the mould is ready for closing. With the plate 
the joint of the mould is made as the moulder 
rams his mould, and is quite accurate and 
requires no finishing. 

Having decided on pattern plates and knowing 
what size boxes to use, the patterns must be 
arranged to fit as large a number as possible on 
the plates. This will depend on the size and 
peculiarities of the pattern. Very often it is 
only possible to get one pattern on, and some- 
times as many as eighteen to twenty small pat- 
terns can be fixed on one plate. It will be 
obvious that when so many are on one plate the 
greatest accuracy has to be exercised, as each 
must be a duplicate of the other. It must not be 
imagined that only small patterns can be adapted. 

Patterns of quite large dimensions are dealt 
with in the same way, the only consideration 
being that there should be sufficient quantities 
required to warrant the initial expense, which in 
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the case of plate patterns is somewhat high. 
When two halves of a pattern are placed on 
separate plates, when the mould is made and the 
two halves are brought together, the halves must 
match up exactly, otherwise there will be over- 


lapping at the joint, or in the case of a casting 


of a disc section there will be thick and thin 
metal. Obviously considerable care must be 
exercised in registering the respective halves, to 
ensure true castings. 

To obtain a true register two halves of a pat- 
tern are dowelled together. The pattern is then 
secured to the plate and drilled through the dowel 
holes. The-two plates are then placed face to 


‘face on the pins and the other plate is drilled, 


the first plate forming a jig for the second. The 
patterns can then be dowelled in position and 
secured by screws. Sometimes a job can be 
registered through the plate. In very many 
cases the patterns have to be set by measure- 
ment, all measurements being taken from the pin 
centres. By accurately placing a number of pat- 
terns having a flat surface along one side of a 
plate, a double number of castings can be 
obtained. Both top and bottom halves of mould 
are made from the one plate,.and in placing the 
one half on to the other half the impression is on 
dépposite sides. The runner is placed along the 
centre of the plate and the double set is produced, 
one on the bottom-half and the other on the top- 
half. If double the number of patterns were 
placed on one plate the moulder would have still 
to ram a top half, so the cost of half the pattern 
is saved. 

Loose parts in this class of work should be 
avoided wherever possible, owing to the danger 
of these getting out of position in the mould, 
with the resultant loss of the casting, and the 
risk of their being lost in handling and storing. 
Unfortunately, loose pieces cannot always be 
avoided, and wherever they are used every care 
should be taken to ensure that every piece will 
fit into its proper place. 

The degree of accuracy which is being called 
for in a rough casting to-day is really astonish- 
ing. This is due to the fact that repetition in 
the foundry is also repetition in the machine 
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shop, with the use of jigs to simplify the opera- 
tions of machining. These jigs are usually made 
to a drawing on which no allowance has been 
made for any slight irregularity in the casting. 
The jig-maker does not always realise that the 
moulder is working in sand, which is subject to dis- 
tortion from any slight cause, such as the tapping 
of the plate or the withdrawal from the mould, or 
even the pressure of the metal when poured into 
the mould. The pattern-maker can sometimes make 
certain allowances, but he cannot always take care 
of this trouble, and in making jigs when a casting 
is not available a little discussion would many a 
time be beneficial in fixing certain location points 
which could be almost guaranteed. 
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Lancashire Branch. 


REFRACTORIES IN THE FOUNDRY. 


By H. V. Grundy and A. Phillips, Associate Members. 


The thought which has prompted the authors 
to give this Paper is that a knowledge of the 
various refractory substances is of extreme im- 
portance to foundrymen generally and_ geologists 
do little to assist them. The amount of published 
matter upon this subject is very limited; it is 
found, therefore, that materials of vital conse- 
quence in the production of castings are being dealt 
with, and treated with a fair measure of success, 
from a wholly practical standpoint. Metallurgists 
have not acquired the same theoretical knowledge 
of the silicates, etc., which go to form these re- 
fractories, as they have of the chemistry of iron 
and steel, and consequently it has devolved upon 
the moulder to determine for himself -what 1s 
required. During the past few years efforts have 
been made to fill this void, and we have had the 
investigations into the British Resources of Re- 
fractory Sands, conducted by Professor Boswell, 
of Liverpool University, of refractory materials, 
including fireclays, by F. R. Ennos, Dr. Alex. 
Scott, A. B. Searle, J. W. Mellor, and the British 
Cast Iron Research Association. 

At present there is no complete set of standard 
tests or specifications upon which users of foun- 
dry: refractories can rely for the selection of the 
best materials necessary for their various pur- 
poses, and the only way upon which foundries 
have to depend is by actual service tests, a method 
which is both time-consuming and expensive, The 
extent to which these materials enter into our 
every-day work is lost sight of by many, prob- 
ably owing to the fact that we are fortunate 
enough to have good sources of supply, and it has_ 
undoubtedly been this abundance which has re- 
tarded investigation into this subject. Unlike 
some countries, England possesses important de- 
posits of refractory materials, but little has been 
done until late years to ascertain their true 
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extent, yet not only ironfounding but glass and 
pottery manufacture need its assistance, and its 
uses are so varied that even domestic use is found 
for it in polishing materials. It is not the object 


of this Paper to go too deeply into this matter 


from a geological standpoint, although it is a sub- 
ject of great interest, but rather from the point 
of view of the foundryman who has sufficient in- 
terest in his work to have a desire to know some- 
thing more of the materials which form the basis 
of his work, and to give some idea of the approach 
to a study of this nature. 

To what extent does sand concern the foundry- 
man? Probably very few realise the amount used 
in the production of a ton of castings. The figures 
shown will demonstrate the extent of the indefi- 
nite conditions existing in many foundries to-day, 
and as the writers are of the opinion that foundry 
losses are proportional to this, they can safely 
assume that if constant conditions could be main- 


tained in the materials used such losses would be — 


reduced to those governed by human error. 
Unfortunately to do this in its entirety is not at 
the moment a commercial proposition, but it has 
to be admitted that the value of exchanging 
amongst foundries data relative to sands obtained 
locally is not fully appreciated, and many bene- 
ficial results would be obtained if we sought for a 
closer knowledge of the sands used locally, and of 
those existing in our midst. 


Sands. 


va 


Chemical and physical properties of moulding » 


sands have been determined and given specific 
names, thus :—(@) Chemical analysis and mineral 
analysis, (b) fineness, (¢) strength, (d) perme- 
ability, and (e) durability. 

Obviously the first and probably the most im- 
portant consideration is that the sand should be 
capable of withstanding the effect of great heat, 
and this property is dependent upon the amount 
of silica and alumina present and the compara- 
tive absence of alkalies and alkaline earths, such 
as potash, sodium, etc. (Table I). These latter 
combine with the silica and form silicates, and 


result in fluxing. This is a great disadvantage, 


and detracts very considerably from the appear- 
ance of the castings; thus it is seen that the 
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actual value of an analysis lies in the readiness 


with which the figures given for silica, alumina, 


alkalies, lime magnesia, and iron oxides are 
appreciated. These are the contents to be sought 
for, and their influence correctly interpreted. Of 
course there are many other compounds present 
which have varying influences upon the sand, but 
broadly speaking they are relatively small in 
quantity, more or less difficult to determine, and 


“may consequently be ignored. ‘Further explana- 


tion of these constituents and their influence upon 
the whole will be given under the several head- 
ings, the next of which is fineness of grain size. 


Fineness of Grain Size. 


This goes to distinguish between open and close 
sands, and calls for little explanation. This is 
clearly illustrated in Figs. 1 to 5. — It should, 
however, be particularly noted that grains 
approaching the pebbly condition, and those 
approaching silt or dust should be avoided. For 
general purposes a sand should be reasonably 
coarse, the object being to obtain a material 
which possesses a maximum natural porosity and 
permeability, with sufficient bond to enable it to 
be moulded into the desired shape. Pore space 
should be evenly distributed, and for this reason 
wide differences in grain-size should be avoided, 
and round rather than angular grains will do 
much to assist porosity. Of course there are many 
uses for sand of small grain size, as in the light 
casting trade and the brass foundry, but where 
this-is used it is desirable to assist venting by 
means of coal dust, etc. 


Green Bond. 


The next consideration is strength or bond, and 
this is of paramount importance. This property 


,is due to the amount of-clay (AI,0,, or 


expressed more precisely A1,0,, 28i0,, 3H,0, 
i.e., silicate of alumina) and ferric oxide 
present, and the ideal condition of their presence 
is in the form of thin films surrounding each 
grain, and in this condition it is at its maximum 
efficiency, as it retains in contact a certain amount 
of water. From data obtained it appears that 
all successful bonds devend uvon what are known 
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as solide for this peculiar property. A.“ col- 
loid’’? is a substance in a condition similar to 
that of gelatine or albumen, whilst in contrast a 


Fies. 1 anp 2.—ItLustTRATING THE GRAIN SIZE IN 
MovuLpIné SANDS. 
Fig. 1 (top) is sea sand; Fig. 2, Mansfield. (Both are by 380 dias.) 


crystalloid is a substance like salt, for example. 
The main difference between the two is the vary- 
ing amounts of surface energy, and whilst a solu- 
tion of a erystalloid, such as common salt, will 
readily pass through a filter paper, the paper 
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is practically impermeable to a colloidal substance 
like those mentioned. Clay possesses colloidal 
matter to varying extents, and in varying form, 
such, for instance, as hydrated ferric-oxide, alu- 
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Fig. 3 (top) coarse red sand ; Fig. 4, fine red sand. (Both are by 
30 dias.) 

minium silicate, and hydroxide, ete., and these 

substances possessing as they do structures more 

or less resembling a sponge, are able to retain 

considerable quantities of water. This water is 

peculiar in that, unlike hygrosscopic water, it is 
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not all driven off at 110 deg. C., and conse- 
‘quently the life of the sand is proportionately 

lengthened. If a handful of sand is compressed 
and broken it indicates a green bond, which for | 
general purposes is sufficiently reliable, but occa- 

sional tests of a quantitive nature can be usefuiiy 

carried out from time to time. 


Test for Cohesiveness. 
For this test each sample of sand is dried at 


Wie. 5.-ILLusTRATING THE GRAIN SIZE IN 
Movpine SANDS. 
Fig. 5, road sand. (By 80 dias.) 


110 deg. C., and the percentage of water added 
just before making the test piece. Test pieces are 
moulded in No. 1 box (Fig. 6), Sand is filled in 
loosely up to the top face, the top portion, is then 
fitted on and the box is compressed until the 
joints meet, this enables each core to be made 
under similar conditions. The cores for the p:T- 
meability tests are made in a similar manner with 
the exception that No. 2 box (Fig. 6) is used. 
In testing for green bond the core, } in x. Lin. 
x 8 in. long, is pushed by a ram over the edge of 
a horizontal glass surface until fracture occurs. 
Measurement is then taken of the unbroken piece. 
In Table 2a is ’seon the green bond strength of 


a few of the sands commonly used in the Lanca- 
- shire district. 

It was thought that having the green bond 
strength of a number of sands a mixture could 
be calculated with a-desired strength. Table 2p 
gives the various mixtures of these sands :— 

Mixture No. 6 has an actual bond of 4.0 in. 
calculated bond of 4.2 in. 

Mixture No. 7 has an actual bond of 4.0 in. 
calculated bond of 4.2 in. 

Mixture No. 8 has an actual bond of 4.6 in. 
calculated bond of 4.16 in. 3 

This assumption is not fully borne out when 
Mixture No. 8 is considered. It appears that the 
smaller grains pack in between the larger ones 
and affect the calculation of a bond strength. 


Permeability. 


Permeability is the facility with which a body 
allows the free passage of air or gas. As pre- 
viously pointed out one of the greatest considera- 
tions in obtaining this is  pore-space, evenly 
arranged. Rounded sand grains are a further 

~ consideration, but the one for which the moulder 
is responsible is the manner in which his ram- 
ming is performed, and the condition of the sand 
when this ramming takes place, and also the 
amount of water which some moulders swab with. 
One sometimes meets a moulder who makes con- 
stant use of a swab pot, and most moulders use 
it to some extent. It was the recurrence of 
trouble which caused the writers to seek the source 
of scrap in this direction, and in this criticism 
coremakers and moulders are included. However, 
the writers fitted up an arrangement of more or 
Jess simplicity, and made cores of standard design 
and size, but in the making of these cores vary- 
ing quantities of water were used. The perme- 
ability figures obtained as a result of these experi- 
ments were most interesting, and went to show 
that too much care could not be given to the pro- 
per and equal tempering of sand, and that the 
moulder must exercise every possible care in ascer- 
taining that he does not add too great a quan- 
tity of water either as a result of his facing sand 
drying or by swab pot methods. One is too apt 
to say that as it is a dry sand mould it does not 
. matter to what extent water is added. It 
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matters very largely, particularly previous to ram- 
ming or finishing, as wet sand rams much more 
closely than a dryer sand. - 

Table III shows the necessity for keeping a 
close control on the initial moisture content. A 
comparison of No. 2 Core with No. 5 Core demon- 
strates the effects of different degrees of ramming, 
especially when the sand contains a large per-~ 
centage of water. When the durability test is 
described, an attempt will be made to explain 
when it*is necessary to have a large percentage 
of water to obtain a medium bond. 

Addition of Water to the Face of a Core.—Here 
is an attempt to produce similar conditions to a 
dried sand mould. The sand used in these tests 
was taken from the coremaker’s ‘bench. It 
demonstrates when comparing Nos. 1 and 3 
against Nos. 2 and 4 that the amount of water 
sprayed on the face of a core or mould should be 
kept to a minimum although the mould is going 
to. be dried. 

In the permeability test-results shown the per-: 
meability is measured by noting the time taken 
to force 100 c.c.s. of air through a dried core 
23 in.-dia: by 14 in. deep, (See. Fig. 7.) —The 
volume of air is not corrected for temperature or 
pressure. A ‘‘ blank” time is taken for each 
set of cores in order to obtain: similar pressure 
for different cores. 

[At this stage two cores were tested for per- 
meability by the use of a red liquid in the 
eraduated tube, the members being able to see 
this when the 100 c.c. mark was reached. By 
placing a rubber stopper in the outlet orifice a 
test was taken to see if there was any leakage. 
A soft rammed core took 2) secs. for 100 c.c.s. of 
air to pass through, similarly a harder core under 
similar conditions took 65 secs. for the same test. | 


Durability. 

An equally important phase is that of dura- 
bility, by which is meant the ability with which 
sand can be used and re-used, and a sand which 
has a low degree of durability may not be pro- 
fitably used even though the analysis, fineness, 
permeability, and cohesiveness tests may indicate 
its suitability, Sands possess colloidal matter, 
and it is this which determines to a very great 
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extent the durability of the sand. The problem 
is distinct from the problem of refractoriness or 
the resistance to fluxing, as it is conceivable that 
every refractory sand might have a very short 
life. The behaviour of much colloidal matter is 
distinguished by its dependence upon water, the 
content of which varies both with temperature 
and the neighbouring vapour pressure. Upon 
subjection to sufficient heat these colloids are 
destroyed. Their ability to take up water and 
again become possessed of a bond is lost, and the 
sand becomes dead. If it is not subject. to too ‘high 
a temperature it will rehydrate and ean be used 
for further work. The life of a bond is controlled 
by this critical temperature. Many clay bonds, 
will stand a high temperature without breaking 
down, but are unfortunately subject to sintering, 
and in this condition they lose the colloidal pro- 
perty of again taking up water and consequently 
will not again take up bond. A combination of 
hydrated colloidal iron oxide and clay will give 
a long-lived bond and one that will readily 
rehydrate. | | 

From heating curves taken on various sands 
the authors found a flat on the curve at 
110 deg. C. and another flat, between 480 deg. ©. 
and 580 deg. C., on the majority of them, which 
points out that practically all the water in the 
clay is-driven off between these temperatures. 


Referring to Table IV, three sands were chosen 
for this test, fine, coarse, and open grades. They 
were heated uniformly with thermo-couples 
embedded in the sand.  Green-bond tests were , 
carried out as previously described. A cursory 
examination of the results shows the fact that 
road sand decreases in strength very rapidly, the 
loss in bond strength being 15.3 per cent. at 
400 deg. C. 


If it is assumed that the life or durability of a 
moulding sand depends entirely on the amount 
of bonding material it can retain after being 
subjected te high temperatures, it would be 
reasonable to tabulate the three sands as 
follows :— 

Mansfield No. 1.—Having the longest life with 
only 2.5 per cent. loss in bond strength at 
400 deg. ©. : 

20 
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4 Manchester Coarse No. 2.—With a loss in bond — 


strength of 5 per cent. 8 

Road Sand No. 3:—With a loss in bond strength 
of 15.3 per cent. 

This order of merit was borne out in tests 
carried out for dehydration and rehydration. 
Sands were heated to the desired temperatures 
and weighed. Afterwards, they were entirely 
covered by water and allowed to soak for 24 hours. 


At the end of this period the samples were heated | a55 


to 110 deg. C. to eonstant weight and the increase 
in weight taken as the water of rehydration. 


The writers are fully aware that the dye | 


absorption test is frequently used for the measure- 
ment of colloidal materials, but a test to be of 
any use to the foundryman must show the quality 


of the bond. The dye-absorption test is very — 


misleading when adopted for testing materials 
like fine silica flour, etc., as a test figure can be 


obtained although the material has little strength » 


or rehydration value. 

From the heating test figures it appears that 
the proper blending of a sea sand and a bonding 
sand is a suitable mixture for investigation to 
obtain a suitable long life sand, and it would be 
of great interest to foundrymen to find the 


longest life sand or mixture of sands that can be 


obtained locally without having to pay heavy rail 
charges. : 
Before leaving this subject it might be of 


interest to emphasise that two of the sands sub-_ 
jected to a temperature of 700 deg. ©. required 


more water to obtain a medium bond strength. 
From this point, heap sand containing a large 
amount of burnt sand that will not rehydrate is 
not suitable for use in sand mixtures as excess 
water is necessary to obtain a working bond. 


Blackings. 


Blackings are substances used to protect the 
face of the mould from unnecessary burning and 
also to ensure that the casting will leave the 
mould without the adherence of fused sand. Thus 
there is an additional means of assisting and 
prolonging the durability of the sand. Blackings 
are of several varieties and each has its special 
advantages. They can be divided into the follow- 
ing groups:—(1) Carbonaceous material: (2) 

202 
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mineral materials; and (8) mixtures of No. 1 
and No. 2, : : E 

In the first group are included graphite, coke, 

charcoal, etc, In the second group there are 

ground silica, tale (soapstone), china clay, cement, 

etc., and these are more correctly defined as 

mineral facings. : seh 
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The blackings in the third group are most com- 
monly used and consequently appear to be the 
best for investigation. Whichever of the 
materials is used there are varying methods used 
in their preparation and consequently it is found 
that in many instances what may appear to be 
insignificant details greatly affect the efficiency 
of the substance. During the past few years the 
writers have constantly sought for information 
upon this subject and are of the opinion that 


- 
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many good blackings are badly applied and con- 
sequently influences are not readily recognised by 
many, and a good deal of surprise was caused on 
the oceasion when graphite cones were being sub- | 
jected to heat tests. These cones were placed 
on small pieces of cast iron and after submitting 
them to a temperature it was found that they 
had actually caused a drop in the melting point 
of the metal in the immediate vicinity of the 
cone. Many surface defects upon castings can be 


directly attributed to blacking troubles. 


s 


Graphite. 


This 1s the most important refractory material 
used for facing mould surfaces. Many varieties 
are offered for sale, the mineral running from the 
purest type, i.e., flaky Ceylon quality, which is 
so pure that it is used for the best class of 
pencils, to the more common material so lacking 
in the greasy flaky characteristics of the purer 
material as to almost shade into a variety of 
coal. (See Table V.) The wide variation in 
samples from the same locality is very noticeable 
and it will be seen that some Ceylon plumbago 
contains 99 per cent. carbon. This is in a fine 
form that has a great covering power combined 
with a slow rate of burning. Other plumbagos 
are obtained from Cumberland, Bavaria, Canada 
and Mexico, with ‘ash contents ranging from 
2 per cent. in Mexican to 32 per cent. in 
Bavarian. 

Plumbago burns slowly when heated to a hig 
temperature with air, and leaves an ash contain- 
ing most of its impurities, and as it has no 
apparent action on clay or sand it is used asa 
refractory separating layer between that and the 
molten metal, = 


Ground Coke. 


Good hard coke with a low ash and sulphur 
content ground to extreme fineness in a ball mill 
and afterwards sieved, when mixed with plumbago 
and a suitable binder makes a satisfactory wet 
blacking for heavy dry-sand moulds. 


Ground Gas Carbon. 


Owing to the nature of its ash, ete., it is better 
than ground coke when mixed as a wet blacking. 
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It is more costly, however, and from tests carried 
out it appears that ground coke or anthracite is 
more frequently used than gas carbon. Consider- 
able skill is required in selecting, drying, grind- 
ing and mixing carbon for blacking manufacture. 
In selecting carbon, the class of coal used has to 
be considered as the percentage and composition 
of the ash are of primary importance. The tem- 
perature and, period of drying the carbon before 


grinding require skilful judgment and is only 


attained after long experience. 


Ground Charcoal. 


This is also used in some of the mixtures, the 


best variety being that made from hard wood. 


yf 


Mineral Facings. 


Tale or soapstone is of the meta-silicic class 
H,Mg, (Si0,),. Its high percentage of magnesia 
gives to it a soapy touch similar to graphite, but 
it can be readily distinguished from the latter by 
its whitish appearance. It is fusible at tempera- 
tures lower than graphite and water is expelled 
on heating. From this it will be seen that no 
difficulty is experienced when mixed with plum- 
bago for thin castings, but it is totally unsuitable 
for use on heavy classes of work. 


The experience of the authors when using a 
wet blacking containing a high percentage of 
soapstone is to find slag spots containing gas 
holes on the face of the casting. From this it 
would appear that any detached blacking of this 
nature mixed with sand forms a fusible slag, and 
the holes are formed by the steam generated by 
the expulsion of the combined water from the 
soapstone. Whether or not this assumption be 
correct the trouble was eliminated by the use of a 
blacking containing a less percentage of Mg, the 
other conditions remaining the same. 


Table VI shows various tests carried out on 
different plumbagos, etc. From a study of this 
table the materials used in the various samples 
can be ascertained. 

Krom the analyses in Table VII, No. 1 is 


undoubtedly the best and gave the best results in 
the foundry. No. 2, with 2 per cent. more ash, 
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gave less trouble in the foundry than No. 3, pro- 
bably due to a higher melting point of its ash. 
From the analyses of the ash one can calculate . 
the approximate melting points upon a basis oF 
suggested by Prost. By this means the following 
temperatures were obtained:—No. 1, 1300; No. 2, 


Fie. 8.—Scorcu Brick. if 


Fie. 9.—Sinica Bricr. 


1450; and No. 3, 1100 deg. GC. From these figures | 
-it would appear that No. 2 with a melting point 
of 1450 deg. ©. is the best of the three. One 
must take into consideration, however, that the 
ash content is only 5.8 per cent. in the sample 
No. 1 (1300 deg. GC.) while in No. 2 (1450 deg. C.) 
it is 35.08 per cent. and in No. 3 (1100 deg. C.) 
it is 33.25 per cent.; in order to obtain a better 
comparison, therefore, it is necessary to take into 
account both carbon content of the plumbago and 
fusing temperatures of the ash. 
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If a figure of merit is employed consisting of 
the product of these two ‘the results are as 
follows:—No. 1, 1300 x 94.2 = 1220; No. 2, 
1450 x 64.9 = 940; and No. 3, 1100 x 66,7 = 733 
which correspond to. the results obtained in 
practice. 

Refractories for the Cupola. 


In discussing the subject of refractories used 
for cupolas it will be well to bear in mind that 
the materials used for the lining and patching of 
a cupola have been and are still unsatisfactory. 
Two different methods of refractory lining are 
used’ for cupolas. (1) Lining with radial fire- 
bricks, and (2) ramming with a refractory tamped — 
‘material, either by hand or by compressed air. 
The question as to which is the more suitable and 
economical depends on local conditions ‘and © 
quality of material used before a conclusive 
opinion can be expressed. 

It is an invariable principle in ceramics that 
basic corrosion should be met with basic bricks, 
and acid corrosion with acid bricks. The 
chemical actions that occur when melting an 
iron-coke-lime charge, require, in addition to 
considerable mechanical strength, a material which 
in its chemical composition offers resistance to 
the decomposing action. To the foundryman the 
special requirements of a refractory cupola lining 
is ‘the longest possible life.’ Acid hnings are 
chiefly used for the cupola, although attempts 
have been made to use basic linings, but, with 
unsatisfactory results. 

_ -Without going into the characteristics of the 

basic, neutral and_ acid materials such as 
magnesite, dolomite, zirkite, alundum or car- 
borundum, chromite, zircon, carbon, fireclay, 
silica and ganister, etc., it can be safely said that 
fireclay bricks for lining purposes give the best 
satisfaction. They are less expensive, easy to 
insfal, and require less care in handling than any 
other refractory material. For patching and 
repairs, ganister is the material commonly used, 
but this material, in the majority of cases is 
carelessly prepared and applied. Ganister should 
be prepared 24 hours before use, and the proper 
consistency is reached when sufficient. water has 
been added to cause the ganister to form a ball 
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that does not fall apart in. the hand, \ Beford - 


applying, it is best to remove all the slag from 
the lining face and wash the old surface over with 
slurry of the same material as is being used; this 
helps the ganister to adhere to the wall.’ Patch- 
ing a cupola with wet ganister just thrown-on the 


Fie. 11.—Scorcn witn Firectay anp Spa Sanp. 


wall is a bad practice. It is realised that when 
using these materials there is a considerable 
expense for repairs and stoppages, ‘and any 
information on this subject is greatly appreciated 
by foundrymen. 

Although there is not a wide variation in these 
analyses it was found that No. 3 (Table VIII) 
gave the most satisfactory results over a twelve 
months’ test. The chief difference between clay 
firebricks does not lie in the clays used or the 


analyses, of the bricks. Grinding and mixing 
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operations to ensure uniform and __ suitable 
material, the burning and finishing temperatures 
reached in manufacture, accuracy in the shape 
and size of the finished brick, absence of cracks 
and fissures and, when broken, absence of cavities, 


Fig. 12.—ScorcH anD No, 1 Crement. 


Fig. 13.—Scoton anp No. 2 Cement. 


are the chief points which help to form a suitable 
and reliable brick. 

Every foundryman knows that when lining a 
cupola it is more desirable to use blocks specially 
made for the purpose than the ordinary shaped 
fire brick, but the authors wish to point out here 
that many would be greatly surprised if they 
tested six of the blocks at present in their stocks 
for uniformity and accuracy of shape. . When 
forming a circle with cupola blocks as commonly 
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supplied it is practically impossible to avoid a 
number of wide joints, these, together with sur- 
face cracks on the face of the bricks, are the 
starting points for slag penetration, which appears 
to be the greatest difficulty that has to be over- 
come to obtain a satisfactory lining. 


Fie. 14.—Scotcnw anp No. 4 Cremenr, 


Fig. 15.—Scorcu anp No. 5 Cement. 


Lining Corrosion. 


With regard to the action of slag on the fur- 
nace lining, the authors have observed that thinly 
fluid hime slags do not attack the cupola lining 
to the same extent as semi-fluid and more 
viscous slags do. The nature and chemical com- 
position of the furnace lining /appears to be of 
great importance to the conditions of ‘the slag, 
and it is fully realised that it is the slagging and 


a nS tie i 


& 


= 


- 
—— ee oe 


not the resistance to heat of the lining material 
that governs the life of the lining. In consider- 
ing the action inside the cupola the sulphur in 
the coke burns in an. excess of air to sulphur 
dioxide (SO,) in front of the tuyeres. This gas 
decomposes -and forms ferrous-sulphide | and 
ferrous-oxide where the iron has a bright red 
glow, both of these constituents can be absorbed 
by the hot metal. 

In tests carried out on electric and other fur- 
naces with acid linings for steel manufacture, it, 
is a well known fact that desulphurising agents 
will ‘not act satisfactorily if free silicic acid is 
present, i.e., uncombined with the clay, The pur-' 
pose of a basic slag is to combine with SiO, and 
to become silicates with absorbed ferrous and 
manganous oxide. The writers have not been able 
to carry out sufficient tests to satisfy themselves 
that lime combines with any free silicic acid in 
the lining material, which would allow more 
sulphur to enter the metal and also hasten the 
decomposition of the lining. A brick, after the 
burning process in the kiln, contains practically 
all of the silicic acids combined “in the. clay. 
Whether free silicic acid in a lining is detrimental 
or not is a matter that is suggested for further 
research, the fact is however borne out that 
bricks containing a fair percentage of grog have 
a longer life than a pure, clay brick. It can be 
said then, that a cupola slag is a product of the 
transformation oecurring in the cupola and con- 
sists of silicates of lime, manganous and ferrous 
oxides, alumina and dissolved free silica. 

A good index to the possibility of lining 
erosion is the slag composition. This is borne 
out by the analyses of slags from tests carried 
out with varying blast pressures, other conditions 
in the cupola remaining constant. From 
Table IX it will be seen that No. 1 slag shows the 
least lining erosion, but unfortunately the melt- 
ing rate of the metal in the cupola is too slow for 
economical operation. No. 2, with a blast pres- 
sure of 9 ozs. and a volume of air of 2,460 cub. Ait: 
per min, for a 37-in. cupola appears to be the 
most satisfactory.. 


Refractory Coatings. 


The technical literature of the past few years 
has made reference to the use of thin coatings of 
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high refractory materials on lower refractory 

materials. Invariably the latter have. the better 
bond, and are used in everyday practice. Some 
materials used for this purpose would appear to 
be technically useless, but the reactions which tithe 
occur on the lining face of a cupola and the face 
of a mould can, in the majority of cases, only be 
assumed. Criticism of any experiments to 
increase the life of these faces should therefore fi 
be guarded. The authors appreciate the fact if 
that it would be futile to put coatings on refrac- i 
tory material when the co-efficient of expansion es 
or the shrinkage of the two materials varies. om 
materially, the authors also realise that. in some — A 
cases a laboratory experiment which is the neces- 4 
Sk sary guide, differs materially when adopted in the 4 
foundry, Any coating, if it is to be a com- | 

mercial proposition, must improve density and the 

h mechanical strength of the surface and thus pro- 

tect the lining, against abrasion, the cutting 

action of the flames and against penetration by 

- slag. Tests have been made with a view to pro- 
ducing a satisfactory coating material for cupola 

Jhinings. = 7 y s 

Experiments were made with a slag of No. 2 
composition plus 0.5 per cent. sulphur laid in 
hollows cut in firebricks, some of which have been 
thinly covered with different refractory cements. 
The photographs show the depth of slag penetra- 
tion. (Figs. 8 to 15.) 

Table X gives a tabulated ‘result of the slag 
penetration tests, together with the composition 
of the refractory cements used in the experiments. 
Comparing No. 8 with No. 9, it will be seen that 
a cupola slag penetrated a silica brick very s, 
rapidly. No. 12 was coated with No. 1 cement y 
consisting of 66 per cent. alundum powder and 
34 per cent. lime, which appears to be a good 
refractory cement. This was borne out in prac- 
tice, a thin coating of this cement on the face 
of the cupola gave satisfactory results, especially 
when used over the brick joints of a relined 
cupola. / 

The authors wish to thank the Metropolitan- 
Vickers Electrical Company, Limited, Trafford 
Park, Manchester, for permission to give the 
paper. 
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N. 1921. 
Le 1926. 
B. 1925. 
N. TTD. 
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MEMBERS. 


Gibson, A Saris Aap Newton Road, “Ash- 
ford, ane. 


Gill, C. S., Westbank, Consett, County bi; a 


Purhars 
Gillespie, P., “ Glenora,”? 
Road, Bonnybridge. 


Gillespie, W. J. S., Ure Allan Park, | 


Bonnybridge, Stirlingshire. 

Gimson, H., eh aba 
Road, Leicester. 

Gimson, S..A., 20, Globe Street, 
Leicester. 

Goodwin, J. T., M.B-E., M.I.Mech.E. 
Red House, Old Whittington, 
Chesterfield. 


Toller 


. Gordon-Luhrs, Henry (E. T. White 


and Co. (1920) Ltd.), Clare House, 
Kingsway, London, W.C.2. ; 

Gore, G. E., ‘‘ Rosedene,”’ 
Avenue, Stockton-on-Tees. 

Gould, P. L., Vulean Foundry, East 
Moors, Cardiff. 


Gould, W. C., 7, Broad Street, Barry. 


Graham, J., 68, Sherbrooke Avenue, 
Maxwell Park, Glasgow. 


Grandison, W. H., 15, Gordon Road, 
Clovelly Estate, Worsley Road, 
Swinton. 

Grange, R., St. John’s Cottage, 87, 

- Southend, Hampstead, N.W.3 

Grant, G. C. (Sir W. G. Armstrong, 
Whitworth & Company, Limited), 
Ashton Road, _ Openshaw, Man- 


chester. 

Grayi'*'C. Rey aN Latimer Street, 
Tynemouth. 

Gray, T., H., 119, High Holborn, 
W.C.1, 

Greensill, G. B., “Lynn,” Jockey » 


Road, Sutton Coldfield. 
Greensitt, R, H., 24, Stuart Lee 
F one on- Tyne. 


Falkirk 


Austin 


Year 
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Election. 


MEMBERS, 
| 


E.M. 1920. Greenwood, R., The International 


ON. 1917. 


W. & 1906. 
M. 


8. 1910. 
E.M. 1927. 


Lnes. 1906. 
W. & 1924. 
M 


W.R. 1919. 
OLY. 


igi 1926. 


\ 


Lnes. 1923. 


E.M. 1914. 


Lnes. 1904. 


S. «1926. 
S. 1925. 
Gen. 1910. 


B. 1925. 


L. 1918. 


M. 1926. 


Tae’ 1918. 


\ 


Combustion Engineering Co., — 
Derby. | 

Gresty, C., 101, Queen’s Road, Monk- 
seaton. 

Griffiths, H., 70, Partridge Road, 
Cardiff. » 

Hadfield, Sir R. A. (Hon.), Hadfields, 
Limited, Hecla Works, Sheffield. 

Hadfield, 8., White Lodge, Keyham, 
near Leicester. 

Haigh, J., “‘ Stoneclough,”’ Carr Lane, 
Sandal, Wakefield. 

Haines, A. D., Penybryn, Tynypwll 
Road, Whitchureh, Glam. 

Haley, G. H., Nab Wood House, 6, 
Tower Road, Shipley, Yorks. 
Hall, §S., 31, Robin Hood Road, 

Brentwood, Essex. 

Hammend, R., 37, Church Road, 
Smithills, Bolton. 

Hammond, Wm., Samson Foundry, 
Syston, Leicester. 

Hampson, F. R. (J. Evans & Com- 
pany), Britannia Works, Cross 
Street, Blackfriars, Manchester. 

Hampton, C. W., 5, Chorley Drive, 
Fulwood, Sheffield. 

Hardwick, H., Cemetery Road, Dron- . 
field, nr. Sheffield. 

Harley, A., Ashlea, Stoke Park, 
Coventry. 

Harper, W. E., Dudley Foundry Co., 
Ltd., Moor Lane, Brierley Hill. 
Staffs. 

Harris, A. J. A. (Capt.), 41, High 
Road, Balby, Doncaster, Yorks. 

Harrod, H., 15, Egglestone Terrace, 
Stockton-on-Tees. 

Hartley, Wm. Alexr., Stonebridge 
Foundry Company, Limited, Colne. 
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Harvey, André, 118, Spring Road, 


Kempston, Bedford. 


Hatfield, W. H., D.Met., The Brown ~ 


Firth Research Laboratory, Prin- 
cess Street, Sheffield. 

Hawthorn, Leslie & Company, - R. 
& W. (Subscribing Firm), St. 
Peter’s Works, Neweastle-on-Tyne. 

Hearn, J. E., Craig-y-don, West Hill, 
Luton. 

Heatley, J., 146, Redlam, Blackburn. 

Helm, R. W., c/o Francis Helm, Ltd.. 


Victoria Foundry, Padiham, Lanes, 


Henderson, P.C., M.P., The Right 
Hon. Arthur (Honorary), 33, 
Eccleston Square, London, §S.W.1. 

Hensman, A. R., 121, Plymouth 


Grove, Charlton-on-Medlock, Man- » 


chester. 

Herbst, M. B., 23, Saltwell) View, 
Gateshead-on-Tyne. 

Hesketh, F., Yarrow Cottage, Broad 
Lane, Rochdale, 

Hesketh, F. J., 23, Muriel Street, 
Rochdale. 


Hetherington, R., 105, West George 


Street, Glasgow. 


Hetherington & Sons,Ltd., John, (Sub- 


scribmg Firm) Vulcan Works, 
Pollard Street, Manchester. 

Hicatt, Hi J., South Bank, Brierley 
Hill, Staffs. 

Hickman, \G. E., Greensteps, Park 
Chase, Guildford. 

Hider, G. E., Upton Foundry, Torquay. 

Hird, B., “ Woodcot,’ ” Upper Cwm- 
bran, nr. Newpott, Mon. 

Hobbs, F. W. G., Standard pica 
Foundry, BO Box 229, Benoni, 
Transvaal, S.A. 


Hodgart, H. M., Vulcan Works, 


Paisley. 
Hodgkinson, A., Ford Lane Works, 
Pendleton, Manchester. 
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B: 1907. 
S:., 1920. 
Se. 1927. 
5. 1914. 
ee Oos 
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Hodgson, A., 14, Park Range, Victoria 
Park, Manchester. 5 

Hogg, J., 321, Manchester Road, 
Burnley, Lanes. 

Hollindrake H. (H. Hollindrake 
& Sons, Ltd.), Princes Street, 
Stockport. 

Holmes, C. W. H., M.Met., c/o 
Birtley Iron Co., Birtley, Co. Dur- 
ham. 

Homer, W. A., 87, Frederick Street, 
Walsall, Staffs. 

Hood, John McLay (Life), 54, Maxwell 
Drive, Pollokshields, Glasgow. 

Horrocks, B., 1, Jersey Street, Ashton- 
under-Lyne. 

Housby, I., 345, Norwich Road, 
Ipswich. 

Howard & Bullough, Ltd. (Sub- 
scribing Firm), Accrington, Lancs. 

Hunt, N. H., 1, Albemarle’ Street, 
Piccadilly, W.1. 

Hunt, R. J., ‘“ Greenhills,” Earls 
Colne, Essex. 

Hunter, Hy., 1, Manor Terrace, 'Tyne- 
mouth. : 
Hunter, H. E., Barton Hall Engine 
Works, Patricroft, Manchester. 
Hunter, Summers, ©.B.E., J.P., 1, 

Manor Terrace, Tynemouth. 

Hurren, F. H. (The Rover Company, 
Limited), Meteor Works, Coventry, 

Hurst,.F. A., Woofindin Avenue, 
Ranmoor, Sheffield. 

Hurst, H., 35, Alice Street, Paisley. 

Hurst, J. E., Newton Chambers and 
Co., Ltd., Chapeltown, Sheffield. 

Hutton, R. 8., D.Sc., The Greenway, 
High Wycombe, Bucks. 

Hyde, J. R., A.M.I.Mech.E., 27, Hast- 
ings Road, Millhouses, Sheffield. 

Hyde, Robert & Son, Ltd. (Subserib- 
ing Firm), Abbeydale Foundry, 
Woodseats, Sheffield. : 
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B’nch _ of MEMBERS: 
Election. 
‘Se. 1925. Hyman, We Ph. D.,55, Dixon ‘Avesue: 
Crosshill, Glasgow. 


S. 1915. Jackson, L.; Engineer Lieut.-Com-' 
mander, R.N., Antrim Avenue, fas 

: Park Lane, Sheffleld. j : 

Lnes. 1925. Jadoul, J. E., 28, Daisy Bank Road, 

Ff Longsight, Manchester. 

L. 1925. James, A. W., 1, Broomhill Road, 
Ipswich. 

L. 1926. James, J. A., 101, Stoke Road, Slough, . 

3 Bucks. 


Ge 21911 2 JarmysJ as, PA icokes” Abbey Road, . 
Leiston, Suffolk. 


Gen. 1927. Jenkins, A., 5c, Strada Molins, Cos- 
picua, Malta. 
W. & 1924. Jenkins, T., 51, Tydvil Street, Barry. 


Ss. 1917. Jenkinson, S. D., Cromwell ‘House, 
-Wincobank, Sheffield. 


1 bf 1904. Jewson, H., Norwich Road, East 
~ Dereham, Norfolk. 

4 Oe 1921. Jewson, K. 8., 4, Coopers Terrace, 

Gearing Road, Dereham, Norfolk. 


E.M. 1909. Jobson, V., The Derwent Foundry 
Company, Derby. : 

Ines. 1920. Jolley, W., Breeze Hill, Urmston 
Lane, Stretford, Manchester. - 

Lnes. 1922. Jones, G. A., 54, Fox Street, Edgeley, 
Stockport. 

B. 1925. Jones, O. P., 25, Rathbone Road, 
Bearwood, Birmingham. 

Ss. 1921. Kayser, J. F., 30, Oakhill Road, 
Nether Edge, Sheffield. 

Lnes. 1925. Kelly, A. F., 31, Windbourne Road, 

» St. Michaels, Liverpool, 8. 

10% 1917. Kelly, Jas., 74, Rotherfield Street, 

N.1. 


Lnos. 1922. Kent, C. W., 16, Beech Grove, With- 
ington, Manchester. 

Lnes. 1919. Kenyon, W. H., “Sunny” Bank,” 
Whalley Road, Accrington, 
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Election. | 
Lnes. 1910. 
Lnes. 1904. 
S$. >—1997, 
Lunes. 1907. 
Se. 1927. 
Se. 1914. 
Se. 1904. 
W. & 1924, 
M. 

Se. 1919, 
M.— 1926. 
S. - 1925. 
L. 1922. 
~ALs 1991. 
Se2-):10067: 
B. 1919. 
Gen. 1922. 
ia ye 
B. 1927. 
W.& 1925. 
M. 
= 4199}. 


Lnes. 1918. 
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Kenyon, M. 8., Waterloo, Whalley 
Road, Accrington. 

Kenyon, R. W., Entwistle & Kenyon, 
Limited, Accrington. 

Kessell, C. E. (Vickers, Ltd.), River 
Don Works, Sheffield. 

Key, A. L., 271, Reddish Road, S. 
Reddish, Stockport. 

Kidston, R., Springbank, Falkirk. 

King, D., Keppock Ironworks, Possil 
Park, Glasgow. 

King, J., 100, Wellington Street, 
Glasgow. - 

Kinsman, W. 8., 116, Miskin Street, 
Cardiff. 

Kinnaird, George, 21, St. Ann’s Drive, 
Giffnock, Glasgow. 

Kinnell & Co., Ltd., Chas. P. (Sub- 
scribing Firm),Vulean Iron Works, 
Thornaby-on-Tees. 

Kitching, W. T., c/o John Fowler, 
Don Foundry, Sheffield. 

Lake, W. B., Mount Place, Braintree, 
Essex. 

Lambert, Wesley, ‘“‘ Whitefriars,”’ 41, 
Bromley Road, 8.1.6. 

Landale, D. (Life), 36, Great. King 
Street, Edinburgh. 

Lane, F. H. N., 46, Holyhead Road, 
Coventry. : 

Lane, H. M., 333, State Street, Detroit, 
Michigan, U.S.A. 

Larke, W.J., Sir, K.B.E., “ Eastburn,”’ 
St; John’s Road, Sideup, Kent. 

Lathe, A., ‘‘ Westlands,’ Campton 
Road, Wolverhampton. 

Lawrence, Edward, 39, Pen-y-dre, 
Rhiwbina, nr. Cardiff. 

Lawrence, Geo. D., 5, Clare Road, 
Leytonstone, E.11. 

Layfield, R. P., 42, Marsden Road, 
Burnley. 
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B’nch. 


B. 
Ss. 


Se. 


W.. & 1922. 


M. 
N. 


Year 
of 
Election. 


1909. 
1920. 
1922. 
1922. 


1924. 


. 1922. 
"1920. 
1913. 
1922. 
1926. 
1926. 


1918. 


s. 1921. 
1904. 
. 1913. 
~ 1918: 
SM IS 
1922. 


1921. 
1925. 


1922. 


MEMBERS. 


Lee, Howl & Company, Engineers, 
Tipton. : 

Leetch, S., 126, Pitt Street, Rother- 
ham. = 

Leonard, J. (Hon.), 41, Quai du 
Canal, Herstal, Belgium. 

Lewis, A. H., 6, Coverdale Avenue, 
Heaton, Bolton. 

Lewis, B. E., 6, Ty Gwyn Road, 
Pontypridd. 

Liardet, A. A., Leyland Motors, Ltd., 
Leyland, Lancs. 


Lillie, G., “‘ Bloomfield,” Strathmore 


Road, Rowlands Gill, Durham. 

Little, J., 20, St. Ann’s Square, 
Manchester. 

Littleton, W. H., 294, Warbeck Road, 
Anerley, S.E.20. 

Liversidge, B., 6, Nelson Street, 

~ Rotherham. 

Lloyd, W., 285, Arthur Street, Small 

Heath, Birmingham. 

Logan, A. (R. & W. Hawthorn, Leslie 
& Company, Ltd.), St. Peter’s 
Works, Newcastle. 

Longden, Ed., 158, Manley Road, 
Manley Park, Manchester. 


Longmuir, P., D.Met., 2, Queens Road, 


Sheffield. 

Longworth, T. P., Moorside, Horrocks 
Fold, Bolton. : 

Loxton, H., Hill Bros. ., Nevin Foun- 
dry, Leeds. 

Lucas, J., ‘‘ Sherwood,” Forest Road, 
Loughborough. 

Luke, C. H., ‘* Roslyn,’ Lyonsdown, 
New Barnet, Herts. 


Lum, Harry, 54, Park Road, Dartford, 


McArthur, J., ‘“ Hawthorn,’ Shields 
“Road, Motherwell. ; 

McClelland, J. J., ‘* Druslyn,” 81, 
Bishops Road, Whitchurch, Glam. 


McCrory, C., 5, Station Road, Wall- 


send-on-Tyne. 
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1924. 


N.. 
Se. 


1919. 
1916. 
1919. 
. 1924. 
1914, 
1910. 
1922. 
1923. 


~ 1921: 


. 1922. 


1923. 


. 1923. 


1918. 


1910. 


1918. 


“805 


MEMBERS. 


MeDonald, J., The Villa, Willington 
Quay-on-Tyne. 

McFedries, T., 17, Kirktonholm Street, 
Kilmarnock. i 

McGrah, F. E., 19, Lonsdale Road, 
Wolverhampton. 

McIntosh, A. E., 1, Ecclesbourne 
Avenue, Duffield, Derbyshire. 


MacKay, M., 109, Edmund Street, 
Rochdale. 

MacKenzie, Alex. D., 35, Braid Road, 
Edinburgh. , 

Mackenzie, L. P., 5, Polwarth Terrace, 
Balcarres Street, Edinburgh. 

McKinnon, Gavin, 1477, Dumbarton 
Road, Scotstoun, Glasgow. 

McKinty, J., 229; 82nd Street, Brook- 
lyn, N.Y., U.S.A. 

McLachlan, Jas., 2, Broadoaks Road, 
Washway Road, Sale, nr. Man- 
chester. 

McLain, D. (Hon.), 710, Goldsmith’s 
Buildings, Milwaukee, Wis., U.S.A. 

Mackley, J. R., 20, Beaconsfield 
Avenue, Low Fell, Gateshead-on- 
Tyne. 

McLean, C. G., 14, Jemmett Street, 
Preston. 

McPherson, T., M.B.E., 53, Percy 
Park Road, Tynemouth. 

McQueen, D., 6, Anchorage Road, 
Erdington, Birmingham. 

McTurk, J. B., Dorrator Iron Com- 
pany, Falkirk. 


. Maddock, D. W., 21, Waterloo Road, 


Wellington, Shropshire. 


. Makemson, T., 21, Beresford Road, 


Stretford, Manchester. 


. Mander, T. G., Norris Deakin Build- 


ings, King Street, Sheffield. 


. Markland, T. W., 327, Tonge Moor 


Road, Bolton. 


: Year 
-- B’nch. of 


Election. 
Bi, SF G24, 
~ Lnes. 1922. 

Sey 1922; 
We 7 1922° 
L 1924 
i 1927 

1911 
bs) 1915 
N 1912 
Le 1926 
L 1923 
L 1921 
Lnes. 1917 
Lnes. 1919 
B 1927 
NS) 1922 
M 1926 
Lnes. 1912 
Gen. 1919 
S 1921 


. Meadowcroft, Wm. H., 10, Hamblo- 


MEMBERS. 


Marks, A., F.I.C., A.M.1.Mech.E. 

Marsden & Son, J. (Subscribing 

’ Firm),188,Regent Road,Liverpool. 
Marshall, J., “‘ The Willows,’® Barrow 

Hill, Chesterfield: 

Martin, M. J. (Martin & Sons), 18, , 
College Road, York Road, S.E.1. — = 


. Mason, W. C., Richardson & Cruddas, 


Byculla Iron Works, Bombay, 
India. 


. Mason, W. H., 32, Lord Street, — at 


_ Bradley, Bilston. 


. Mather, D. G. (Mather & Smith), 


Ashford Foundry, South View, 
Godinton Road, Ashford. 


. Mather, T., South View, Carholme 


Road, Lincoln. 


. Mathews, -W., 82, St. ee Road, 


Holy Cross, Willington Quay-on . 
Tyne. = 


: MAIR R., 37, Clareside, Enfield, 


-Middlesex. 


- Maybrey, H. J:, B.A., D.I.C,, 22a, 


Gloucester Road, ‘South ‘Konsing- 
ton, S-W.7. a 


. Mayhew, C. M., 60, Ewesley Road, 


Sunderland, 


don View, Habergham, Burnley. 


. Medealf, W., 265, Manchester Road, 


Burnley, Lancs. ie 


. Mees, J. H., 129, King William Street, 


Amiblecote; Stourbridge. 


. Melmoth, F. A., ‘“‘ The Chalet,’ Z Ivy 


Park Road, ‘Sandygate, Sheffield. 


. Mercer, J. E., Windsor House, Crom- 


well “Terrace, Thornaby-on-Tees. 


. Milburn, J., Hawkshead Engineering 


Works, Workington. 


. Miles, F. W. 
. Miles, R. (Major), Chapeltown, nr. 


Sheffield. 


Year 
B’nch._ of 


Election. 


Lunes. 1916. 
Se. 1927: 
Lnes. 1918. 
Gen. 1924, 
Gen: 1923. 


Sez 1920. 
Lnes. 1921. 


Gen. 1910. 
N. 1919. 
Te 1928 
EM. 1914. 
L. 1926. 
M. 1927. 
N. 1912. 
B.  -1925, 
Le 1928. 
B. 1926. 
S. 1925. 
Pgu 2 Tors: 
N. 1912. 
Lunes. 1920. 
L.. 1924, 
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Miles, Rd. A., 46, Dean Lane, Newton 
Heath, Manchester. 

Miller, J., 7, Eildon Villas, Mount 
Florida, Glasgow. 

Mills, Hilton, 9, Stocks, Alkrington, 
Middleton, Lanes. 


Mills, R. C., 90, Kelsey Street, Water- 


bury, Conn., U.S.A. 

Mitchell, A. M., 470, Victoria Avenue, 
Montreal, eanade: 

Mitchell, W. W., Darroch, Falkirk. 

Moffat, Wm., Linden House, Chapel- 
en-le-Frith. 

Moldenke, Dr. R. (Hon. Member), 
Watchung, New York. 

Molineux, W. J., 2, Whitehall Road, 
Gateshead, 

Moore, A. H., Standard Brass Foun- 
dry, Benoni, 8. Africa. 

Moore, H. H., Holmwood, Leicester 
Road, Loughborough. 

Moorwood, H. §S., Onslow House, 
Sheffield. 

Morley, 8S. H., 13, Peel Street, 
Thornaby-on-Tees. 

Morris, A., Pallion Foundry, Sunder- 
land. 

Morris, D., c/o Morris (Engineers)Ltd., 
Greatbridge, Birmingham. 

Mundey, A. H., Fry’s Metal Foundry, 
42, Holland Street, S.E.1. 

Murrary, J. V., 80, Manor House 
Road, Wednesbury. 

Nelson, C., 93, Hawksley AoE 
Hillsbro’, Sheffield. 

Newell, ernest M.I.Mech.E., The 
Thorne, Misterton, via Doncaster. 

Newton, J. W., Flora House, Cobden 
Street, Darlington. 

Newton, Sam, Linotype & Machinery 
Ltd., Altrincham. 

Nikaido, Y. (Lieut.-Com.), Hiro 
Naval Works, Kure, Japan. 


Year 
ce ee ection z 
Nw 1918. 
Lynes. 1924. 
Vary lols: 
L 1927. 
8. 1923. 
N. 1921. 
Lnes. 1918. 
1B LOL 
N. 1920. 
Lunes. 1921. 
8. 1913. 
L. 1906. 
L. 1919. 
B. 1918. 
S 1921. 
S 1915. 
8. 1910. 
N 1921. 
W.R..1922. 
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Noble, H., “‘ The Cedars,’”’ Low Fell, 
Co. Durham. 

Noor, Mohamed S., 1, Zaki Pacha 
Buildings, Gheit El Edda, Abdin, 
Cairo, Egypt. 

Norman, A. J., 43, Dunvegan Road, 
Eltham, S.E. 

Norman, G. L., Basinghurst, Night- 
ingale Road, Guildford. 

North, The Hon., J. M. W., ‘‘ Linden- 
hurst,”’ Chesterfield. 

North-Eastern Marine Engineering 


Company Ltd. (Subscribing Firm), 


Wallsend-on-Tyne. 

Oakden, E., A.M.I.C.E., Further Hey, 
“Woodley, nr. Stockport. 

O’Keefe, Wm., 62, Stanhope Street, 
Birmin gham. 

Oliver, R., 238, Edith Street, Jarrow- 


on-Tyne. 
Ormerod, J., 24, Barrett Street, 
Bury. ; 


Osborn, 8., Clyde Steel Works, Shef- 
field. 

Oswald, J., Sleaford Foundry, Nine 
Elms Lane, 8.W.8. 

Otto, C. A., 22, Owenite Street, Abbey 
Wood, S. E. 

Oubridge, W. A., M.I.M.E. (British 
Piston Ring Company, Limited), 
Holbrook Lane, Coventry. 

Oxley, G. H., Norton Grange, nr. 
Sheffield. 

Oxley, G. L., Vulcan Foundry, Atter- 
cliffe, Sheffield. 

Oxley, W., Vulcan Foundry, Atter- 
cliffe, Sheffield. 

Palmer’s Shipbuilding & Iron Com- 
pany Ltd. (Subscribing Firm), 
Hebburn-on-Tyne. 


Parker, W., 11, Mayfield Mount, 


Halifax. 


- 


FOR ey PE ee eet 


\ 


AS 


ee ee ee ee ee ee 


aa a ee ey 


Sane! 


7 ry NBS i 
Ne eee ee eee 


ibe 


Year 
B’nch_ of 


Election. 


E.M. 1905. 


Lnes. 1919. 
; . Pisek, Dr. Mont. Fr. Technical High 
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MEMBERS, 


Parker, W. B., 3, Murray Road, 
Rugby. 


. Parkinson, J., Shipley, Yorks. 


. Parramore, A., Caledonian Foundry, 


Chapeltown, Sheffield. 


. Parsons, F. H., ‘‘ Avondale,’’ Heaton 


Park View, Heaton, Newcastle. — 


. Parsons, Hy.  F.,  ‘‘ Avondale,” 


Heaton Park View, Heaton, New- 
castle. 


. Patterson, R. O., Thorneyholme, 


Wylam-on-Tyne. 


. Paulin, W.J., 1, Stannington Grove, 


Heaton, Newcastle. 


. Peace, A. E., Claremont, Littleover 


Hollow, nr. Derby. 


. Pearce, J. G., B.Sc., Director, British 


Cast Iron Research Assn., 24, 
St. Paul’s Square, Birmingham. 


. Pearson, N. G. (Lieut-Col.), Beeston 


Foundry Company, Limited, Bees- 
ton, Notts. 


. Pell, J., 17, Mersey Street, Rose- 


grove, Burnley, Lancs. 


. Pellatt, D. L., 43, Hawthorn Road, 


Deane, Bolton. 


. Pennington, D. G., Lea Close, Mid- 


dleton St. George, Co. Durham. 


. Penrose, J., 190, Horsedge Street, 


Oldham. 


_ Perkins, J. E. S., ‘Hillmorton,” 


The Park, Peterborough. 


. Perks, C., Phenix Castings, Ltd., 


Coventry. 
Perryman, W., 17, Hurst Street, Bury. 


School, Brno, Czechoslovakia. 


. Petters, Ltd. (Subseribing Firm), 


Westland Works, Yeovil. 


. Phillips, E. A., Laceby, near Grimsby, 
Lnes. 1922. 


Place, J. H., Station Road, Simon- 
stone, nr. Padiham, Lanes. 


B’nch 


EM. 


Lunes. 


W.R. 
Ok Y:. 
Lnes. 


nes. 


W.R. 
oL7y: 


8. 
B. 
E.M. 


Year 

of 
Election. 
1919, 
1922. 
1922. 
1912. 


1924. 


1926. 
1922, 
1923. 
1919, 
1924. 
1926. 
1908. 
1926. 
.1920. 
. 1927. 
‘192d. 
. 1904. 


1922. 


1912. 


. 1919. 
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MEMBERS, 


Player, E., Cow Lees, Astley, 
Nr. Nuneaton. 


Pochin, R. E., 246, Fosse. Road, : 


South, Leicester. 

Pollard, J. T., 7, Powell Street, 
Burnley. ; 

Pollitt, E,.. E. (Pollitt & Wigzell), 
Sowerby Bridge. | 

Pollock & Macnab (Subsidiary), Ltd. 
(Subscribing Firm), Bredbury, nr. 
Stockport. 

Poole, J., “Clevelands,” Bury New 
Road, Whitefield Manor. 

Poole, W. H., Kings Grove, Villa 
Road, Bingley, Bradford. 

Porter, H. W., 78, Ringinglow Road, 
Sheffield. 

Pott, L. C., The Hardware Mfg. Co., 
Highbury Lane, Cheltenham. 

Potter, W. C., ‘“Kenwalyn,” Syke- 
field Avenue, Leicester. 

Presswood, B. A. C., South Auston, 
nr. Sheffield. ; ¢ 

Prestwich, W. C., ‘“‘The Hallowes,”’ 
Dronfield, Sheffield. 

Prior, W. H., 62, Andalus Road, 
London, S.W.9. 

Primrose, James M., Mansion House 
Road, Falkirk. 

Primrose, J. 8. G., 17, Salisbury Road, 
Chorlton-cum-Hardy, Manchester. 

Pritchard, P., ‘‘ Hastcote,” St. Agnes 
Road, Moseley, Birmingham. 

Pulsford, F. C., ‘‘Kenmore,’”’ San- 
down Road, Leicester. 

Ramas, E. (Honorary), 2, Rue de 
Constantinople Place de l’Europe, 
Paris. a 

Rang, H. A. J., 2, St. Nicholas Build- 
ings, Newcastle-on-Tyne. 

Ranicar, W., 1, Parr Street, Tyldesley, 
Lancs. 


7 


~~ Year 
B'nch. of 
Election. 
Se. 1923. 
S. 1921. 
Se. 1920. 
Se. 1927. 
Lnes. 1919. 
Aline 1923 
W. & 1925 
M. 
Lunes, 1919. 
Se. 1911. 
M; 1926. 
M. 1926. 
M 1926. 
B. 1923. 
1B 1919. 
Lunes. 1921. 
Se. _ 1922. 
Lues. 1927. 
_ W.R. 1908. 
=O0Leye 
Lnes. 1912. 
Gen. 1909. 
Gen. 1925. 
B. 1923. 


sil 
“ MEMBER Se 


Rattray, W. J., c/o Burns & ae 
Ltd., Howrah, Bengal, India. A 

Rawlings; Geo.,; 23, Banner Cross 
Road, Sheffield. 

Rennie, A., “‘ Kilnside,”” Falkirk. 

Rennie, W., ‘* Ardenlea,’? Cumber- 
nauld, Dumbartonshire. 

Rhead; E. L., Prof. (Honorary), Col- 
lege of Technology, Manchester. 


3. Rhydderch, A., 
. Richards, C, E., 53,,.Merches Gardens, 


Grange, Cardiff. 
Richardson, W. B., Hope Foundry, 
-Farnworth, nr. Bolton. 
Riddell, M., Dungoyne, 35, Aytoun 
Road, Pollokshields, Glasgow. 
Ridsdale, N. D., 3, Wilson Street, 
Middlesbrough. 

Ritchie, R. J. H., Cambridge House, 
Linthorpe, Middlesbrough. 

Robbins, A. G., 19, Newcomer Ter- 
race, Redear. 

Roberts, E., 117, Radford Road, 
Leamington. 

Roberts, G. E., ‘‘ Rosedale,”’ Karlsdon 
Avenue, Coventry. 

Roberts, G. P., 153, Brandlesholme 

_ Road, Bury, Lancs. 

Robertson, Donald M., Garrison Cham- 
bers, Falkirk. 

Robinson, F. O. .* Braemar,” Birch- 
field Road, \Widnes. 

Robinson. J. G., 17, Gibraltar Road, 
Halifax. 

Roe, S., 23,Grantham Street, Oldham. 

Ronceray, E. (Hon.), 3. Rue Paul 
Carle, Choisy-le-Roi, Seine, Paris, 

~France. 

Ropsy, P. A., 27, Rue Dodoens, 
Antwerp, Belgium. be, 

Roxburgh, W., 29. Clifton Road, 
Rugby. 


Year 

re lection 
SiS 1918. 
“E.M. 1924, 
~ —E.M, 1906. 
=N. = 1915, 
8. 1921. 
Nes 21915: 
B.-~31921. 
M. 1927. 
Tes 1927. 
B. 1910. 
L. 1922, 
Se. — 1920. 
8 1906. 
ieee IOUT: 
M 1922. 
8. 1908. 
1922. 

L. 1927. 


812 


~ MEMBERS, 


Russell, F., c/o General Refractories 
Company, Limited, Wicker Arches, 
Sheffield. i= 

Russell, P. A., 88, Dulverton Road, 

‘ Leicester. 


Russell, S. H., Bath Lane, Leicester. 
Sanderson, F., 10, Westgate Road, 
Neweastle-on-Tyne. 


Sandford, J., 46, Clifford Road, Shef- 
field. 


Saunders, J., Borough Road Foundry, 
Sunderland. 

Scampton, Chas., South Avenue, 
Stoke Park, Coventry. 

Scholes, A., Alma House, Junction 
Road, Norton-on-Tees. 


Seddon, W. E., 14, Samuel Street, 
Rochdale. 


Sexton, A. Humbolt (Hon. Life), 6, 
Clarendon Road, St. Helier, 
Jersey, C.1. 

Shannon, H., 112, Madrid Road, 
Barnes, S.W. 

Sharpe, Daniel, 100, Wellington St., 
Glasgow. 

Shaw, J., Mount Vernon, 15, Western 
Parade, Southsea. 

Shaw, R. J., 41, Dorset Road, South 
Ealing, W.5. ; 

Shaw, W. (Subscribing Firm), 
Wellington Cast Steel Foundry, 
Middlesbrough. 

Sheepbridge C. & I. Company, Limited - 
(Subscribing Firm), Sheepbridge 
Works, Chesterfield. 

Shenai, S. D., East Road, T.D. 
Temple, Cochin, BE. India. 

Shepherd, H. H., c/o Crane Bennett, 
Ltd., Nacton Works Ipswich, 
Suffolk. 


Bineh, ae 
Eiection. 
Lnes. 1907. 
Lues. 1905. 
L. 1912. 
IN - 1920: 
Ines. 1907. 
N. . 1913. 
Lnes. 1924. 
8. 1926. 
Se.. 1926. 
W.R. 1921. 

2 OTe. 

L. 1925. 
Nee = O21: 
Se. 11927. 
8. 1922. 
se 1922. 
B. 1925. 
Nes = L908: 
82 = 1921; 
E.M. 1921. 
N. 1905. 
Mae 1926: 
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MEMBERS. 


Sherburn, H. (Life), c/o Richmond 
Gas Stove and Meter Company, 
Limited, Grappénhall Works, War- 
-rington. 

Sherburn, W. H. (Life), Rotherwood, 
Stockton Heath, Warrington. 

Shillitoe, H., ‘‘ Westwood,” Potter’s 
Bar, N. 

Shipley, H. J., East Cottage, Delacour 
Road, Blaydon-on-Tyne. 

Simkiss, J., Abington House, Hyde 
Road, Gorton, Manchester. 

Simm, J. N., 61, Marine Avenue, 
Monkseaton. 

Simpson, H., 102, Edmund Street, 
Rochdale. 

Singleton, T., 2, Warwick Street, 
Sheffield. 

Skinner, F. J., Lochend House, Mary- 
hill, Glasgow. 

Slingsby, W., Hightield Villa, Keigh- 
ley. 

Small, F. G., ‘‘Meliden,’ Burdon 
Lane, Cheam. 

Smalley, O., Park Villa, Thrybergh, 
Rotherham. 

Smart, G., Rowallan Stepps, Glasgow. 

Smith, A., ‘‘ Oakroyd,” Dodworth 
Road, Barnsley. 

Smith, A. Qualter, ‘‘ Lynwood,”’ Dod- 
worth Road, Barnsley. 

Smith, B. W., 167, Orphanage Road, 
Erdington, Birmingham. 

Smith, E., Belle Vue, Harton, South 
Shields. 

Smith, Fredk., Devonshire Villas, 
Barrow Hill, nr. Chesterfield. 

Smith, George, Cavendish Place, Bees- 
ton, Notts. 

Smith, J., ‘‘Harton Lea,’ Harton, 
South Shields. 

Smith, J. D., 19, Shaftesbury Street, 
Stockton-on-Tees. 


one 
Election. 
IN Gees LOT. 
M. 1926. 
N. 1922. 
N.. 1913. 
B. 1926. 
Ti. 5 1923, 
L, « 1914. 
Ines. 1926. 
S. 1925. 
Lnes. 1927. 
E.M. 1914. 
Ines. 1922. 
S. 10272 
Se. 1 * 1920: 
H.M. 1914, 
N. . 1912. 
iby LOL: 
By, LOW: 
Gen. 1922. 
E.M, 1916. 


MEMBERS. 


Smith, J. E., 7, Lily Avenue, J esmond, 

. Neweasile. / : : 

Smith, J..L., ‘‘ Holmesdale,” Billing- 
ham; nr. Stockton-on-Tees. 

Smith Patterson & Company, Limited 
(Subscribing Firm), Pioneer Works, 
Blaydon-on-Tyne. 

Smith, R. H., 16, Dulverton Avenue, 
South Shields. : 

Smith, W.S., 15, Broadfields Road, 
Erdington, Birmingham. 

Snook, 8. W. G., 30, Lawrence Road,-— 
Tottenham, N.15. 

Sommerfield, H. G., Charterhouse 

' Chambers, Charterhouse Square, 
London, E.C,1. 

Southerst, R., 8, Raven Street, Bury. 


Spafford, Arnold V., Imperial Works, 
Brown Street, Sheffield. 

Spedding, O. L., “ Ramsgill,’? Prince’s 
Road, Heaton Moor, Stockport. 

Spiers, T. A., ‘* Delamere,” Upping- 
ham, Road, Leicester. 

Staveley Coal & Tron Company 
(Subscribing Firm), Staveley 
Works, nr, Chesterfield. | 

Steele, F. E., 29, Merlin Way, Hirth 
Park, Sheffield. 

Steven, A. W., Lauriston Ironworks, 
Falkirk. 

Stevenson, E., ‘ Charnwood,” Albert 

‘ Avenue, Carlton Hill, Notts. 

Stobie, V., Oakfield, Ryton-on-Tyne 


Stone, E. G., 20, Cantley Avenue, 
Clapham Common, 8.W.4, 

Stone, J., 106, Harlaxton Road, 
Grantham. 

Stones, J., 2, Marshall Road, Agar- 
para, Kamarhatti P.O., Calcutta, 
India. 

Street, W., 20, Burleigh Road, Lough- 
borough. 


Re eee 815 


: Year % 
B’nch. of MEMBERS. 
Election. 


Ines. 1921. Stubbs, Limited, Jos. (Subscribing 
: Firm), Mill Street’ Works, Ancoats, 
Manchester. ie 
Ines. 1912. Stubbs, Oliver (Hon. Life), (J. Stubbs, 
Limited), Openshaw, Manchester. 
Ines. 1919. Stubbs, R. W., 209, Dickenson Road, 
Longsight, Manchester. 
N.- _ 1921. Stothard, A., 32, Grainger Street, 
West, Neweastle: 
M. 1927. Styles, W. E., 9, Cromwell Terrace, 
; Thornaby-on-Tees. 
W.R. 1922. Summerscales, W. H.. G.,> Rockfield, 
Orn Yi! Keighley. 
E.M. 1927. Summersgill, E., (Senior) 47, Station 
Road, Long Eaton, Notts. 


W.R. 1919. Summersgill, H., Stanacre Foundry, 
Gin. Wapping Road, Bradford. 


ten. 1926. Swaine, G., cfo Marshall, Sons & Co., 
India, Ltd., Argarpara Works, 
Karnarhatty, P.O. 24, Parganas, 
Bengal, India. 

Ss. 1918. Swift, L. J., “The Farm,’’ Hunter’s 
Lane, Handsworth, Sheffield. 

S. 1908. Swinden,T., D.Met., 26, Oakhill Road, 

Nether Edge, Sheffield. 

W.R. 1912. Sykes, J. W., Birdacre House, Gomer- 


Ory, ad gall, Leeds. 
Lnes. 1927. Tait, W., Mere (near) Knutsford, 
Cheshire. 


eles 1925. Tarrant, W. J., Hiffeldale, Longfleet, 
nee Dorset. 
N. 1927. Tate, C. B., 17, The Crescent, Whitley 


Bay. 

Enes.1924. Taylor, A., 84, Hornby Road, Black- 
pool. 

N. 1919. Taylor, C. R. R., Manor House, South 
Shields. 


N. 1922. Taylor & Son, Limited, C. W. Gon 
; seribing Firm), North Eastern 
Foundries, South Shields. 


Lnes. 1911. Taylor, R. (Asa Lees & Company, 


Limited), Oldham. 


> Year 
-B’nch. of 


Election. 
N. 1925. 
Lnes. 1920. 
N. > 1923. 
W.R. 1922. 
OLY: 
Le 1924: 
M. 1926. 
Pee 1920; 
M. 1926. 
S. 1927. 
Soc 4923. 
Ines. 1921. 


2816 
“MEMBERS. 


Taylor, T., Point Pleasant Hall, 
Wallsend-on-Tyne. 

Thompson, H., 6, Dobson Road, 
Bolton. : : 

Thomson, A., Percy -House, Percy 
Park Road, Tynemouth. 

Thornton, W. G., 1,081, Grangefield 
Avenue, Thornbury, Bradford. 

Thornyeroft and Co., Ltd., John I. 
(Subscribing Firm) (T.Donaldson), 


Iron Foundry, Woolston Works, — 


Southampton. 

Thorpe, S. P., 14, Park Terrace, 
Stockton-on-Tees. 

Tibbenham, L. J., The Limes, Stow- 
market. 

Todd, H., 26, Rockliffe Road, Lin- 
thorpe, Middlesbrough. 

Tonge, J., Bovey Court, Vereeniging, 
S. Africa. 

Touceda, E. (Hon.), 943, Broadway, 
Albany, N.Y., U.S.A. 

Town End Foundry Ltd. (Subscribing 
Firm), Chapel-en-le-Frith, Derby- 


shire. 
M. 1924. Toy, 8. V., The Ridge, Saltburn-by- 
the-Sea. 
Travers, D, Le., 29, Clayton Road, 


Ne 21927. 


Newcastle. 


L. 1922. Tremayne, Chas., 26, Eversley Road, 


SCs 19292 


L 1926. 
B 1910. 
B 1927 
Soy 1023: 
Lnes. 1909. 


Charlton, 8.H.7. 

Tullis, D. R., Aillig, Campbell Drive, 
Bearsden, Glasgow. 

Turner, A. C., 10, Holmdene Avenue, 
Dulwich, S.E.24. 

Turner, Prof. T. (Hon. Member), The 
University, Birmingham. - 


. Turner, T. H., M.Se., 17, Acacia Road, 


Bournville, Birmingham. 
Tutchings, A., 152, Greenhead Drive, 
South Govan, Glasgow. 
Tweedales & Smalley, Limited, Globe 
Works, Castleton, Lancs. 


oo oy 


Year 


Se aiscton, 
Be 1918. 
8. 1916. 
Se. 1913. 
Gen: 1927: 
Gen. 1922. 
8. 1924. 
S. 1922. 
Lnes. 1922. 
Bs 19s: 
S. 1917. 
Se. 21911: 
Lunes. 1924. 
fis ASTI. 
8. 1907. 
Lnes. 1924. 
M. 1926. 
8. 1918. 
Nee LOZ: 
Gen. 1922. 
ING = SE 1927. 


MEMBERS. 


Tyson, E. H., 269, Gillatt Road, 

_ Edgbaston, Birmingham. 

Underwood, G. H., Pye Bridge House, 
Pye Bridge, Alfreton, Derbyshire. 

Ure, G. A., Bonnybridge, Scotland. 

Vanzetti, Comm. Img. Carlo, C.B.E.,> 
General Manager, Fonderia Milan- 
ese di Acciaio, Milan, Italy. 

Varlet, J. (Hon.), Esperance Longdoz 
Works, Liége, Belgium. 

Varma, J. P., 3, Bingham’ Park 
Crescent, Sheffield. 

Vickers, Limited (Subscribing Firm), 
River Don Works, Sheffield. 
Vickers, Limited (Subscribing Firm), 

Barrow-in-Furness. 

Vickers, T., 14, New Street, Birming- 
ham. 

Village, R., Bircholme, Dronfield, 
nr. Sheffield. 

Waddell, R. C., 2, Perey Street, 
Ibrox, Glasgow. 

Wainwright, T. G., The Mount, 195, 
Huddersfield Road, Stalybridge. 

Walker, C. F., 42, Windsor Street, 
Wolverton, Bucks. 

Walker, H., Effingham Mills, Rother- 
ham. 

Walker, J. S. A., Major, Walker Bros., 
Ltd., Wigan. 

Walker, T., 22, Vansittart Terrace, 
Redear, Yorks. 

Walker, T. R., 42, Firth Park 
Crescent, Sheffield. 

Wallsend Slipway & Engineering Co., 
Ltd. (Subscribing Firm), Wallsend- 
on-Tyne. 

Walters, A. F. (H. I. Dixon & Com- 
pany, Limited), The Omiar Found- 
ing Eng. Company, Limited, Love 
Lane, Mazagon, Bombay, India. 

Walton, S. H., 73, Highbury, Jesmond, 
Newcastle-on-Tyne. 


— 


Year 
B’nch.— of 
Election. 
S./ 1908. 
Ss. 1914. 
1919. 
K.M. 1910. 
S. 1915. 
1919. 
W.R. 1922. 
OfyY. 
B. 1917. 
L 1925 
Se 1920 
N 1912 
W.R. 1908 
of Y. 
S 1910 
Ss 1914 
Lnes. 1926 
Ns) 1921. 
N 1913 
B 1925 
Ss 1916 
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MEMBERS, 


Ward, A. J. (T. W. Ward, Limited), 
Albion Works, Saville Street, 
Sheffield. 2% 

Ward, J. C., Oak Park, Manchester 
Road, Sheffield. 

Wares; He J, 216: Cromwell Road, 
Peterborough. 

Wassell, A., Kilburn Hall, nr. Derby. 

Watson, J., 31, Hornton Court, 
Kensington, W.8. ; 

Watson, J. H., 6, Sidney Grove, 
Newcastle-on-Tyne. 

Watson, Jos. J., 3, Springdale Avenue, 
Huddersfield. 

Webb, B., 531, Stourbridge Road, ~ 
Scott Green, Dudley. 


. Webster, F. K., Deptford Star Foun- 


dry, Rolt Road, Deptford, London, 
S.E.8. 


. Weir, Rt. Hon. Lord, The, P.C., 


D..5 2G, 2 (lite Member), G. 
and J. Weir, Limited, Cathcart, 
Glasgow. 


. Weir, J. M., 7, Stanhope Road South ~ 


Shields. 


=Welford,,R. D., 4, Hilton: Road tae 


zinghall, Bradford. 


. Wells, G. E. (Edgar Allen & —Co., 


Limited), Imperial Steel Works, 
Sheffield. 


. Wells, J. A. E., ‘Thrift House,” Ring- 


inglow Road, Sheffield. | 


. West, Walter, 12, The Crescent, 


Leyland, Lancs. ; 
Wharton, E., Rosemont, Station Road, 
Brimington, Chesterfield. 


- Wharton, J., Maryport, Cumber- 


land. 


5. Whitehouse, E. J., “The Knoll,”’ 


Penn, Wolverhampton. 


. Whiteley, A., 7, Glen Road; Nether 


Edge, Sheffield. 


“Lnes. 1910. 


B. 
g/l 23 


W.R. 1919, 


OF -Y¥ 


Lunes. 1917. 


* 


Se. 1919. 
W. & 1924. 
—M. 
~W. & 1916. 
MW 
L.->. 1927 
PN 1973 
M. 1912 
N. 1922 
eds 1927 
Sc. 1906 
“WR. 1912 
OL Y= 
B. 1925 
B. -71919 
N. 1922. 
B. — 1909. 


Lnes. 1926. 


1919. 
1921. 


27. Windsor, W.. 'T., 


6. Winterton, H., ‘‘ Moorlands,”’ 


- Wood, D: Howard 


MEMBERS. 


Whittaker, C., & Company, Limited, 
Dowry Street Ironworks, Ae- 
crington. Tie 

Wild, M., 29, Beauchamp Avenue, 
Leamington. 

Wilkinson, D., 1,114, Bristol Road 
South, Northfield, Birmingham. 

Wilkinson, G. (E. & W. Haley, Ltd.), 
Thornton Road, Bradford.. 

Wilkinson, R., ‘ Lyndhurst,”? War- 
grave Road, Newton-le-Willows, 

~ Lanes. 

Williams, H., c/o J. Cochrane, Ltd., 
Barrhead. ; 

Williams, R. G., 179, Crogan Hill, 
Barry Dock. 

Williams, W., Alexandra Brass Found: 
dry; East Dock, Cardiff. 


. Williams, W. L., 61, Grenvilie Road, 


Braintree, Essex. 


. Willott, F. J., 17, Park Road, Clydach- 


on-Tawe, Swansea Valley. 


. Wilson, F. P., “‘ Parkhurst,” Middles- 


brough. 


- Wilson, R. R., ‘Canonbury,’ Row- 


lands Gill, nr. Newcastle-on-Tyne. 
Pax,” Coggeshall 
Road, Braintree, Essex. : 
Miln- 


gavie, Dumbartonshire. 


. Wise, S. W., .110,;- Pullan Avenue, 


Eecleshill, Bradford. 


. Wiseman, Alfred, Ltd. (Subscribing 


Firm), Glover Street, Birmingham. 
(Capt.), Kings- 
wood Park Road, Moseley, Bir- 
mingham. 
Wood, E., Capt., B.Sc., ‘Overtoun,” 
20, Beverley Road, Monkseaton. 
Wood, E. J. (Patent Axlebox and 
Foundry Company, Limited), Wed- 
nesfield Foundry, Wolverhampton. 
Woodcock, <A., 163, Hartington 
_ Street, Moss Side, Manchester. 
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. Year r 
B’nch.~ of y MEMBERS. 
Election. x é 
B. 1914. Wright, E. N. (Life), Oxford Lodge, 
Penn Fields, Wolverhampton. ; 
Se. 1919. Wyllie, W., 66, ‘Titchfield Street, 
. Kilmarnock, Ayr. 
L. 1925. Yar Khan, M. M., 102, Beulah Hill, 
Upper Norwood, London, 8.E. 
Lnes. 1911. Yates & Thom, Limited, Canal Engin- 
eering Works, Blackburn. 
L. 1914. Young, -H. J/, FA.C., 3, Central 
Buildings, Westminster, S.W.1. 


-Aston,. D. A., 


: aatgen 
ASSOCIATE MEMBERS. | 


Adeock, F.- H., 
Middlesbrough. 

Affleck, J., B.Se., 21, Overdale Avenue, 
Langside, Glasgow. 

Ackeroyd, H., Broughton Fields, 
Broughton, nr. Skipton. 

Aldridge, 8., 91, Dale Street, Walsall. 

Allen, Wm., Chuckery Foundry, Wal- 
sall, Staffs. 

Alford, A. L., 408, Windmill Lane, 
Shiregreen, Sheffield. 

Anderson, J. Y., 33, Alice Street, 
Paisley. 

Andrew, F., 120, Gas Street, Fails- 
worth, Manchester. 

Anson, ‘A. 60, South Royd Street, 
Tottington, Bury. 

Armishaw, W. J., 44, Common View, 
Letchworth, Herts, 
Armstrong, G., 23, Chipchase Street, 
Middlesbrough. 
Armstrong, L. R., 
Mansions, N.W.5. 

Arnott, J., A.I.C., G. & J. Weir, 
Ltd., Cathcart, Glasgow. 

Arnott, James, 114, Broomhall Road, 
Newlands, Glasgow. 

Ashton, F., 24, Isherwood Street, 
Heywood, Lancs. 

Ashton, L., 59, Seymour Street, Rad 
cliffe, Lancs. 

Astall D., 380, Oldham Road, Lime- 
hurst, Ashton-under-Lyne. 

36, Bastwick Street, 

St. Luke’s, London, E.C. 


7, Beech, Grove, 


39, Lessinden . 


B'nch, ea! 
Election. 
M. 1926. 
Se. 1919. 
W.R. 1927. 
of-Y. 
iss LOT: 
Bo? 1925; 
Ss 1927: 
Se. 1926. 
Lnes. 1907. 
Lnes. 1925. 
iGe 1925. 
Mee L926: 
L. 1925. 
Se. 1920. 
Se. - 1926. 
Lnes. 1916. 
Lnes. 1918. 
Lunes. 1923. 
Eee 1 905: 
Lnes. 1922. 
S. 1916. 
Nee 1925, 
E.M. 1928. 


Atkinson, Albert, 1, Guy Street, 
Padiham, Burnley. 

Atkinson, F., ‘‘ Woodlands,’’ Rich- 
mond Road, Handsworth,Sheffield. 

Atkinson, G., 10, Queen’s Drive, 
Whitley Bay. 

Austin, J. T., 24, Danvers Road, 


Leicester. 
| 


B’nch, 
N. 
S. 


Lunes. 


822 | 


Year 
of ASSOCIATE MEMBERS, 
Election, - = 
1922. Askew, J., 20, Mount Road,° West 
is Sunderland.” ; 
1920. Avill, Wm., 44, Albion Road, Rother- < 
ham. 
1912. Ayres, J. A., ‘‘ Aldbourne,” Eccles- 
field, Sheffield. 
1918. Bacon, A. H., 228, Saracen Street, 
Possilpark, Glasgow. 
1924. Bacon, P., 86, Bridge Street, Swinton, 
_ nr. Rotherham. 
1926. Bagley, J., 34, Guest Street, Leigh, 
Lanes. | 
1909. Bailey, P. T., 17, Hallowes Lane, 
Dronfield, nr. Sheffield. d 
1916. Bain, W., Ardmore, Bonnybridge, 
Scotland. 
1918. Baker, W., “Kara Gwent,” Coalway 
Road, Penn Fields, Wolverhamp- 
ton. 
1925. Balderston, R. A., 21, Wentworth 
Place, Neweastle-on-Tyne. 
1927. Barber, C., 48, Birch Street, West 
Gorton, Manchester. 
1926. Barclay, D., 45, Edward Street, 
Stockton-on-Tees. — 
1922. Barker, A. G., 26, Victoria Road, 
Balby, Doncaster. 
1919. Barker, S. B., 34, Darby Road, Coal- 
. brookdale, Salop. : 
~ 1924. Barker, W., 136, Nidd Road, Atter- 
cliffe, Sheffield. 
1913. Barnaby, N. F. (John Brown & 
Company, Limited), Scunthorpe. 
1910. Barnes, G., 16, Tremellen Street, 
Accrington. 
1915. Baron, E., 24, Grimshaw Lane, 
Newton Heath, Manchester. z 
1914. Barrett, H. G., Letchworth Castings 
Co., Letchworth, Herts. , 
1924. Barrett, S., 150, Chorley New Road, 


Horwich, nr. Bolton. 
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Election. 2 ‘ 
- ELM, 1916. Barringer, E. A., 80, Lambert Road, 
Narborough Road, Leicester. 
3G 1911. Batch, J., 60, Robertson Street, 
Queen Street, Battersea, S.W. 
B. 1927. Bate, F., 48, Sweetpool Road, West 
; Hagley, Stourbridge. 
- B. 1904, Bather, H. K. (Chamberlain & Hill), 
Chuckery Foundry, Walsall. ; 
Ss. 1920. Batty, F., 52, Hampton Road, Pits-, 
moor, Sheffield. 
E.M. 1926. Baxter, J., 108, Stene Hill Road, 
Derby. 
L. 1921. Baxter, Percy L., 131, Ampthill 
Avenue, Benoni, Transvaal, S. 
Africa. 
N. 1923. Bean, A. 8., Beresford Park, Sunder- 
- land. 
W.R. 1924. Bean, E., 8, The Hollies, Sidmouth 
por”, Street, Hull. y 
L. 1925. Beardshaw, A., 50, Jackmans Place, 
; Letchworth, Herts. 
W.R. 1923. Beaumont, G., 25, Oxley Street, 
OY Pontefract Lane, Leeds. 
E.M. 1919. Beck, H. J., 131, Upper Dale Road, 
Derby. ; 
nes. 1925. Becker, M. L-,. 15, Upper Lloyd 
f Street, Manchester. 
Lnes. 1927. Beech, T. L., 86, Cyprus Street, 
Stretford, Manchester. 
Ss. 1920. Beeley, W. H., Clarence Lane Works, 
; off Eccleshall Road, Sheffield. 
B. 1924. Beeny, H. H., 57, Bramble Street, 
Coventry. 
W.R. 1927. Beilby, A. R., 14, Foss Islands Road, 
one Ye. York. 
Se. 1917, Bell, J., 60, St. Enoch Square, Glasgow. 
N. 1925. Bell, J., 65, Park Avenue, Whitley 
: Bay, Northumberland. 
Se. 1910. Bell, T., 2, Bellfield Street, Barrhead, 


Glasgow. 


Year 
of 


Election. 


1918. 


Set Ro ee 


LOM 


1926. 


1926. 
1920. 
1919. 
1916. 


1922. 


1919. 
alQ2T. 
. 1920. 


1910. 


1920. 


= LOLOS 
. 1926. 


1920. 


. 1924. 


1919. 
1925. 


1922. 
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ASSOCIATE MEMBERS, 


Bennett, A. M., 12, Brandon Grove, 
Newton Park, Leeds. 

Berry, F., 125, Watkinson Road, 
Illingworth, Halifax. 

Berry, R. I., 31, Bury Road, Bam- 
ford, Rochdale. _ 

Bettinson, J. §., Cole Bank, Hall 
Green, Birmingham. 
Bevins, J., 1, Little Union Street, ~ 
Ulverston. 
Binnie, Alex., 15, Cochrane Buildings, 
Pleasance Square, Falkirk. 

Binns, A. E., 534, Shields Road, New- 
castle-on-Tyne, 

Birch, H., Inglewood, Chester Road, 
Streetley, Birmingham. 

Bird, J. B., Plas-Newydd, Streetley,’ 
nr. Birmingham. 

Black, A., 10, Prince Edward Street, 
Crosshill, Glasgow. 2 

Blackham, E. L., 44, May Street, 
Derby. 

Blackwell, Wm., 36, Arthur Street, 
Loughborough. : 

Blackwood, R., ‘‘ Kenilworth,” John- 
stone, Glasgow. 

Blackwood, R. W., <‘‘ Rothesay,” The 
Avenue, Erith. ’ 

Blades C., The Vines, Wanlip Road, 
Syston, Leicester. 

Blair, J. W., 13, Milton Street, Hull 
Road, York. 

Blenkinsop, S. D., Hilleroft, High Fell, 
Gateshead-on-Tyne. 

Bloor, F. A., ‘“Inglemere,’’ Stenson 
Road, Derby. 

Blythe, J. D., 81, Northumberland 
Terrace, Willington-on-Tyne. 
Bode, €., 14, Farm Road, Sparkbrook, 

Birmingham. 
Booth, G. .E., 80, Institute Road, 
Eecleshill, Bradford, Yorks. 


Vee 
\ be Nd 


Year 
of 
Election, 


B’nch, 
N. 


Se. 1920. 


Lnes. 1921. 

Le 1906. 

W. & 1926. 
M. 

Ss. 


8. 


1926. 
1916. 
NSS te lO1s- 
B. 1925. 
Lnes. 1922. 
N. . 1921. 
Lunes. 1921. 


Lunes. 1923. 


Ines. 1917. 
Lnes. 1923. 
W.R. 1926. 


of Y. 
L. LOT 
Lnes. 1925. 
Ne eee O17 
L. 1917. 


Lunes. 1923. 


825. 


- ASSOCIATE MEMBERS, 


1915. Borthwick, T., Crookhall House, Lead- 


gate, Co. Durham. __ : 

Bound, W. H.,. Wh. . Ex. A.M.I. 
Mech.E., 12, Dufton Road, 

_ Linthorpe, Middlesbrough. 

Bowden, J., 72, Grange Road, Chorl- 
ton-cum-Hardy, Manchester. 

Bowman, A., 48, Lathom Road, 
East Ham, E.6. 

Boxall, H. A., 33, Gellydeg Street, 
Maesycummer-via-Cardiff. 

Bradbury, J., 14, Littlemore Cres- 
cent, Newbold, Chesterfield. 

Bradley, H., ‘‘ Cotswold,” Bocking 
Lane, Woodseats, Sheffield. 

Bradley, J. H., 7, Crawley Road, 
Wallsend-on-Tyne. 

Bradshaw, J. H. D., 4, Foley Street, 
Wednesbury, Staffs. 

Brandrett, T., 35, Ryall Street, 
Regent Road, Salford, Manchester. 

Brass, A., 44, Haydn Terrace, Gates- 
head-on-Tyne. 

Brassington, H., 16, East Street, 
Hollinwood Park, Stockport. 

Brereton, C. F., c/o Mrs. Oldham, 
25, Manchester Road, Chorlton- 
cum-Hardy, Manchester. 

Brierley, A., 21, Milnrow Road; 
Rochdale. 

Brockbank, A. H., 3, Hawkens Street, 
Old Trafford, Manchester. 

Brook, J., 10, Elford Terrace, Round- 
hay Road, Leeds. 

Brookfield, D., 285, Camden Road, 
Holloway, N.7. 

Broughton, H., 1, Chip Hill Road, 
Deane, Bolton. 

Brown, C. Hy., 57, Whitehall Road, 
Gateshead-on-T'yne. 

Brown, HE. H., 91, Devonshire Road, 
Forest Hill, 8.E. 23. 

Brown, G. H., 95, Derbyshire Lane, 
Stretford, Manchester. 


B’nch, of ASSOCIATE MEMBERS, 
‘Election. #) : 
Lnes. 1917. Brown, J., 227, Milnrow Road, Roch- 
dale. 
S.. 1909. Brown, T. W., 9, Coupe Road, ~ 
Burngreave, Sheffield. _ j 
Sc. 1914. Bruce, A., 52, Ashley Terrace, Edin- 
burgh. 
Se. 1926.-Bruce, W. T., (8. & S— Brown V. 
Blanchard), Taller Minerva; Punta 
Arenas, Straits of Magellan, Chile, 
South America. 
Se. 1927. Bryden, Walter’ Myreton, Bonny- 
bridge, Stirlingshire. 
Lues. 1926. Buck, A., 9, St. Paul’s Road, Black- 
pool, N.S. 
N.. 1920. Buckham; . G.’ H... “<< Harewood,”’ 
Grange Road, N ewcastle-on-Tyne. 
L. 1926. Buckingham, F. A. T., 114, Rich- 
mond Road, Gillingham, Kent. 
1B 1925. Bullows, W. D., c/o Castings, Ltd.,, 
5 Selbourne Street, Walsall, Staffs. . 
N. 1920. Burcham, J., 35, Alverthorpe Street, 
South Shields. 
8. 1924. Burkinshaw, J. W., 13, Laverack 
Street, Handsworth, Sheffield. ; 
N. 1925. Burn; R. D., B.Se., A.L.C., “ Aslo,” 
Irwin Avenue, Wallsend-on -T'yne, 
Se... 1917—Burns, J. K:; 77, Sandy Road, Ren- 
: frew. ee a 
N. 1925. Burrell, J., 2, Bede Crescent, Willing- 
ton-on-T'yne. y 
W.R. 1921. Butterfield, P., 10, Eastfield Place, © 
Of -Y> Sutton-in-Craven, Keighley, Yorks, 
Lunes. 1923. Butterworth, A. W., 214, Frederick 
Street, Werneth, Oldham. 
Lnes. 1919. Butterworth, J -, 40, Clement’s Royds 
Street, Rochdale. 
W.R. 1921. Butterworth, John, 19, Neville Street, 
of Y. Clare Mount, Halifax. 
Lnes. 1920. Buxton, J., 68, Luke Lane, Hurst, 
Ashton-u,-Lyne. 
Lnes. 1926. Cairns, F., 59, Blodwell Street, 
Seedley, Manchester. 
Ee 1924. Callaghan, G. M., 6, Foxgrove, Acocks 
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ASSOCIATE MEMBERS, f 


S.. 1920. Cameron, Ni, Cavendish Villas, Devon- 


Lnes. 1926. 


Se. 


i 1914, 


Lnes. 1918, 
S: 1927. 


Imes. 1925. 
1921. 


L. 


Lnes: 1914. 
W.R. 1927. 


Gia 


W.R. 1923. 


of Y. 


W.R. 1922. 


of Y. 


Ss. 1925. 


W.R. 1922. 


Olam oA 
Se. 


Lnes. 1925. 


Se eat SE 
N. 1920. 
L. 1923. 
M. 1919. 


1912. 


1921. 


shire Road, Totley 
Sheffield. £2 

Campbell, A. B., 125, Stamford Road, 
Audenshaw, Manchester. — 

Campbell, D. MeGregor, 
Foundry, Larbert. 

Campbell, J., 9, Western Gardens, 
Ealing, W. g 

Campbell, W., 
Stockport. 

Carlisle, E. A., 3, Silver Hill Road, 
Keclesall, Sheffield. 

Carr, H., 7, Lord Street, Stalybridge. 

Carrell, Hy. Alfred, 6J, Peabody ~ 
Buildings, Farringdon Road, E.C. 

Carter, E., 59, Chief Street, Oldham, 

Carter, 8., Cowley Lane, Lepton, nr. 
Huddersfield. { 

Carver, W., 112, Valley 
Pudsey, near Leeds. 

Causer, L. W., 79, Fitzroy Road, 
Barkerend Road, Bradford. 

Chambers, J. F., 31, Duke Street, 
Staveley, Chesterfield. 

Chappelow, Thos., 181, Taylor Street, - 
Batley, Yorks. 

Charters, J., 12, Walworth Terrace, 
Glasgow. 

Cheetham, E., 5, Eldon Road, Edge- 
ley, Stockport. 

Chope, H. F., 38, Church 
Sheffield. 

Clark, J. W., 133, St. Thomas’ Terrace, 
Blaydon-on-T'yne. 

Clark, W., 9, Jubilee Road, Basing- 
stoke. 

Clarke, A. 8., Leicester Road, Lough- 
borough. 


Rise, Nr. _ 


Torwood 


12, Denbeigh Street, 


Road, 


Street, 


BIS sy seh 
Year 
of 
Election, 
N. 1912. Clarke, J., Droston, Tayport, Fife. 
N. 1920. Clements, H. F., c/o Wm. Jacks & Co., 
Ltd., Ocean Buildings, Prince 
Street, Singapore, Straits Settle- 
ments. 
Sc. 1922. Cleverley, A.M., B.Sc., 45, Kennard 
Street, Falkirk, Scotland. 
Lnes. 1922. Cleworth, Alf., 25, Walnut Street, 
~ Bolton. 
Lnes. 1921. Coleman, J. I., West Dene, Brooklyn 
Road, Wilpshire, Blackburn. 
W. &° 1926. Coles, .F. -L., 46, Burnaby Street, 
M. Cardiff. 


B’nch, ASSOCIATE MEMBERS, 


Ss. 1920. Coles, W. H., 2, Gordon Avenue. 


Woodseats, Sheffield. : 

S. 1916. Collins, B. L., Folds Crescent, Abbe 
Lane, Sheffield. 

W.R. 1926. Collinson, K. H., 11, Grandmere 

OF Y- Place, Halifax. 

S. 1907. Cook, A. H., W. Cook & Sons, Ltd., 
Washford Road, Sheffield. 

E.M. 1916. Cook, F., 168, Woods Lane, Derby. 

S. 1914. Cook, W. G., Washford Road, Shef- 
field. = 

Lnes. 1927. Cooke, J., 116, Derbyshire Avenue, 
Stretford, Manchester. 

Lnes. 1926. Cooke, T., 16, Finchley Road, Hale, 
Cheshire. 

M. 1926. Cooper, A., 50, Upper Oxford Street, 
South Bank. 

Ss 1914. Cooper, J. F., 176, Attercliffe Road, 
Sheffield. 

L 1925. Cooper, M. J., Heath Way, Northum- 
berland Heath, Erith, Kent. 

iBie 1915, Cooper, W., 123, Wyley Road, 
Coventry. 

N 1919. Corbett, W. A., “ Dinguardi,’”’ Bunga- 
low 19, High Farm Estate, Walls- 
end-on-Tyne. ; 

Ss. 1914, Coupe, B., 317, Bellhouse Road, 
Shiregreen, Sheffield. 

Lnes, 1926, Coupe, Wm., junr., 36, Kittlingborne, 
High Walton, nr. Preston. 


Year 
of 
Election. 

Se. 1919. 


B’nch, 


E.M. 1926. 
Lnes, 1910. 


s. 1912. 
Lnes. 1927. 
B. 1906. 
Sc. 1926. 
Ss. 1914, 
B. 1907. 
S$. 1920. 
S 1909. 
Ss: 1915. 
E.M. 1923. 
Se. 1922: 
W. & 1924. 
B. 1925. 
L. 1916. 
Lunes. 1923. 
Se. 1926. 
L. 1914. - 
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ASSOCIATE MEMBERS, | 


Cree, A., 160, Mount Amnan Drive; 
King’s Park, Cathcart, Glasgow. 

Creese, H. J., 46, Kensington Street, 
Leicester. 

Critchley, F., 631, St. Helens Road, 
Bolton. 

Critchley, T., 52, Limpsfield Road, 
Brightside, Sheffield. 

Cullinmore, G., 15, Lincoln Square, > 
Farnworth, Widnes. 

Curnow, M. H., 41, Cemetery Lane, 
West Bromwich. 

Currie, J., 1, Sutherland Crescent, 
Bathgate. 

Currie, J. A., ““ Rose Cottage,” Grin- 
dleford, Derbyshire. 

Dalrymple, D., 20, Beeches Road, 
West Bromwich. 

Darby, A., 5, Dobbin Hill, Greystones, 
Sheffield. 

Darley, F., 187, Burngreave Road, 
Pitsmoor, Sheffield. 

Darley, G. F., Cawwood & Co., Ltd., 
Westgate Foundry, Rotherham. 

Darrington, L. G., 27, Kingston 
Avenue, Hallam Fields, Ilkeston. 

Davidson, W. B., (Jas. Keith & Black- 
man. Co., Ltd.), Arbroath. 

Davies, E. H., 224, Cardiff Road, 
Aberaman., 

Davis, A., 3/247, Gt. Russell Street, 
Birmingham. 

Davis, E. J., 11, Beclair Street, 
Belfast. 

Davis, J., 50, Old Road, Dukinfield, 
Cheshire. 

Davis, Thos., 633, Dumbarton Road, 
‘Partick, Glasgow. 

Davis, W..H., 8, Pye Street, Ports- 
mouth. 


SO Sg é r poe 


ASSOCIATE MEMBERS, 


Election, 


S. 1929. 
. 1925. 
s. 1924. 


1909. 
. 1924, 

1925. 
S. 1915. 
1916. 
1920. 
S. 1914, 


1916, 
N. 1924. 
~ Lnes, 1921. 
W. & 1924, 
M. 


Se. 1919, 


LOLS: 
s. 1922. 
~ 1926. 

1926. 


11922; 


Day, A. Bx 10° Sénsedale Road, 


Dronfield, near Sheffield. : 
Dean, J., 48, Northgate Road, Stock- 


port. , 
Deeley, F., 52, Bewsey Street, War- 
rington. aie 


Demaine, F. C., 9, Rising Sun Lane, 


Garden Suburb, Oldham. 
Demaine (jun.), F. C., 9, Rising Sun 
Lane, Garden Suburb, Oldham. 
Denison, H., 20, Second Avenue, 
Kidsgrove, Stoke-on-Trent. 
Denwood,- W., 7, Pearl Street, 

Haverton Hill, Middlesbrough. 


Derrington, H., 6, Victoria Terrace, 


Hopwood Lane, Halifax. 


-Derry, L. B., 3, Preston Road, Yeovil, 


Somerset. _ 
Dei Ville Sse 
Street, Derby. 


Dexter, B. J., 80, New Rowley Street, 


Walsall. 
Dickinson, J., 49, Yarboro’ Road, 
Lincoln. 
Dickinson, S., 103, Bede Street, Roker, 
Sunderland. 2 
Dicks, G. E., 110, Richmond Hill, 
Langley, near Birmingham. 
Dixon, A. F., 9, Bristol 
Sheffield. € 
Dobson, J., 3, Bond Isle Terrace, 
Stanhope, Co. Durham. 

Dodds, J., 64, Scotswood Road, South 
Benwell, Newcastle-on-Tyne. | 
Dolphin, J. H., 201, Eskrick Street, 

Halliwell, Bolton. = 
Domville, S., 301, Railway Street, 


Road, 


Cardiff. 
Donaldson, J. W., B.Sc. » Seott’s 
Shipbuilding and Engineering 


Company, Limited, Greenock. 


16, Co-operative — 


) 


Sis ae Bay 


_ ASSOCIATE MEMBERS, 


- Dorsie, J. C., Maplewood, Kirkin- 


tilloch. 


. Dubberley, F., 44, Great | Arthur 


Street, Smethwick, Staffs. 


. Duckwerth, J. A., 42a, Ormerod 


Street, Accrington. 


: Dudley, ‘Wm., 11, Barlow Street, 


‘Lower Openshaw, Manchester. 


. Duncan, J., 78, Jellicoe Street, Dal- 


muir. 


. Dunkerley, James, 10, Old Hall 


Drive, Gorton, Manchester. 


. Dunn, J. W., 144, Coulson Road, 


Coventry. 


. Eastwood, J. H., 83, Princess Street, 


Castleton, nr. ‘Marelentors 


. Eccott, A. E., The Elms, 68, Smithies . 


Road, Pinminvoad: S.E. 


. Eckford, J. W., 34, Tynedale Avenue, 


Monkseaton. 


. Edginton, J., 3, Coupe Road, Burn- 


greave, Sheffield. 


. Edmiston, M., Rose Vale, Windsor 


Road, Renfrew. 


. Edmondson, J., 107, Woodroyd Road, 


West Bowling, Bradford. 


. Edwards, F. C., 32, Queen’s Head 


Road, Handsworth, Birmingham. 


. Elder, A., 90, Stenson Road, Derby. 
. Elder, P., 10, Napier Crescent, Bains- 


ford, Falkirk. 


. Elson, J., Manor View, Ripley, Derby. 
~ Hmmott, -J., . 33, Bowood Road, 


Sheffield. 


. Erskine, N. A. W., Morton Cottage, 


Camelon. 


. Evans, H., 93, Second Avenue, Trat- 


ford Park, Manchester. 


. Everest, A. B., B.Sc., Ph.D:; Chad 


Hill, Harborne Road; Edgbaston, 
Birmingham. 


B'nch, 


W.R. 


of -Y; 


Lnes. 


- 


Lunes. 
Lnes. 


Lnes. 


L. 


Sc. 


Year 
of 
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ASSOCIATE MEMBERS, 


Election. 


1922. 


1919. 


1922. 


1924. 


1923. 


1924. 


1912. 
1927. 


1926. 


s. 1922. 


1922. 


1927. 


1918, 


. 1923. 


8. 1919. 


. 1925. 


1912. 


. 1924. 


1912. 


1923. 


Farrar, Levi, 22, Springswood Ave., 
Shipley, Yorks. 

Farrow, C., 84, Louisa Street, Open- 
shaw, Manchester. 

Faulkner, Thos., 95, Bank Street, 
Clayton, Manchester. 

Fellingham, T. R., 81, Henshaw 
Street, Stretford, Manchester. 

Fellows, F., 21, Bright Street, Gorton, 
Manchester. 

Fenn, J. H., 25, Francemary Street, 
Brockley, S.H.4. — 


Ferlie, T., Steel and Iron Founder, 
Auchtermuchty, Fifeshire. 

Firth, T. C., Storth Oaks, Ranmoor, 
Sheffield. 

Fish, F. W., 166, Glebe Street, 
Letchworth, Herts. 


Fist, Thomas, 127, Hughes Street, 
Hallewell, Bolton. 


Flack, E. W., 3, Falshaw Street, 


Washington Station, Co. Durham. 

Flavel, S. W. B., 11, Avenue Road, 
Warwick Street, Leamington Spa. 

Flavell, W. J., Carter’s Green TOSeeee - 
West Beotawiol: 

Flint, W. H., 225, Peel Green Road, 
Patricroft, Manchester: 

Flitcroft, E., School Hill Ironworks, 
wOleGr: 

Food, F. H., 108, Upper Conduit 
Street, Leicester. 

Ford, H., 14, Oakwellgate Chare, 
Gateshead- -on-Tyne. 

Foster, H., 10, Highfield Place, 
Bramley, Leeds. 

Fowler, T. E., 72, Station Road, New 
Southgate, N.11. 


Fox, F. 8., 6333, Tuxeda Avenue, - 


Detroit, Michigan, U.S.A 


833 


B’nch, of ASSOCIATE MEMBERS, 
Election, = 
Ba 1909. Fraser, A., 1, Bridge Street, Chilvers 
Coton, Nunoatont : 
‘Lnes. 1924. Frith, W., 8, Buckley Street, Ashton 
New Road: Clayton, Manchester. 
N. 1920. Futers. R. Wm., 107, Sandwich Road, 
South Shields. 
-E.M. 1925. Gale, B., 15, Ridgway Street, 
Nottingham. ; 
Se. 1904. Galt, J., Henry & Galt, Sneddon 
Foundry, Paisley. ‘ 
B. 1920. Gaunt, J. W., 101, Beeches Road, ets 
West Bromwich. 
i we 1927. Gerrard, J. Norbreck, Alexandra Road, 
Peterborough. 
E.M. 1926. Gill, F., 4704, Bennett Road, Map- ‘ 
; perley, Nottingham. Ws ’ 
Se. 1927. Gillepsie, H. Me. K., ‘‘Stenhouse,” 
‘ Carron, Falkirk. 
Lnes; 1923. Gilpiny , W.,.> * Sunnyside,’ Birch 
Grove, Rusholme, Manchester. 
B.M. 1924. Gilson, A. J., 15, Marcus Street, 
Derby, 
M. 1926. Gleave, J., 1, Victoria Street, Haver- 
ton Hill, Middlesbrough. 
Lnes. 1922. Gledhill, F., 205, Hast View, Bradford 
Road, Brighouse, Yorks. 
B. 1917. Glyn, T. A.,. 67, Green Lane, Hands- 
worth, Birmingham. 
W.R,. 1922. Goff, R. M., 78, Lower Rushton Road, 
of -Y. Thornbury, Bradford. 
Lnes. 1924. Goodwin, G. W., 11, Wycliffe Road, 
Urmston, Manchester. 
E.M. 1919. Goodwin, T., Braeside Street, New 
Bedford, Derby. 
B. 1922. Gospel, W., Gutta Percha Co., c/o 
The Staffordshire Stainless Iron 
Co., Ltd., Baldwin Street, Bilston, 
Staffs. 
Se. 1919. Graham, R., 116, Stratford Street, 
Maryhill, Glasgow. 
E.M. 1917. Grant, George, 62, Leicester Road, 
Quorn, nr. Loughborough. 


Se. 1912. Gray, J., 2, Station Road, Dumbarton. 


2r 


| Year 
of 


“Election. 


1925. 
1924. 
1919. 
1924. 


. 1924. 


1917. 


1926. 


1914. 
ai ip Ae 


. 1920. 


1926. 


. 1924. 


s. 1926. 


1926. 
1918. 
1926. 


. 1924. 
- 1926. 


wl 925. 
pei 


my Ne 


1920. 


BBA cA aa 


ied : 
ASSOCIATE MEMBERS, 


Greaves,’ H. A., 25, Raven Road, 
Nether Edge, Sheffield. 


Greaves, J., 3, New Houses, Piceadily, 


Chesterfield. 
Greaves, J. B., 121, Upperthorpe, 
Sheffield. 


Green, A., 31, Broom Grove, Rother- — 


ham. 

Green, A. E.,, 66, Wolseley Road, 
Preston. 

Green, F. N.,; enol House, Eccles- 
field, Sheffield. 

Green, J. W., 16, Littlemoor Crescent, 
Newbold, Chesterfield. 

Green, P., 54, Rolleston Road, 
Firth Park, Sheffield. 

Greenhalgh, A., 36, John Street, 
Heywood, Lancashire. , 


Greenhalgh, W., 86, Crosby Road a 


Bolton. 

Greenwell, O., 12, Angle Street, 
Grove Hill, Middlesbrough. 

Greenwood, T., 1, Schofield. Street, 
Todmorden. 

Greenwood, Wm., 44, Cecil Road, 
Eecles, near Manchester. 

Gregory, A. W., 98, Ashton Road, 
Luton. 

Gregory, E., 16, Mansfield Road, 
Beech Hill, Luton. 

Griffiths, A. G., 2, Tilbury Grove, 
King’s Heath, Birmingham. 

iriffiths, S., 94, Stenson Road, Derby. 

Griffiths, W., Valley View, Station 
Road, Amersham, Bucks. 

Grieve, J. E., 24, Tindall Street, 
Reddish, Stockport. 

Grimwood, E. E. G., 129, Glebe- 
lands Road, Ashton-on-Mersey. 

Grundy, H. V., Pentrich, Campbell 
Road, Brooklands, Cheshire. 

Gurney, 8. J., 11, Burns Road, 
Battersea, S.W. 


Set 4 


W. & 1924, 
M 


Gen. 


L. 


Lnes. 


Lunes. 


1927. 
1927, 


1926. 


1919. 
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“ASSOCIATE MEMBERS, 


Hackwood, J., 52, Byelands Street, 
Middlesbrough. 

Haig, J., 7, Victoria Road, Larbert, 
N.B. 


Haig, T., 23, Livingston ‘Terrace, 


} Larbert,; N.B. 
Hall,’ E. > D., 50, 'Napier . Street,, 
Sheffield. 
Hall, Geo., *‘ Glenthorne,’’ Swan Hill, 
Oxton, Biskenhead’ { 
Hall, J. J., Clyde Vale, Rowlands 
Gill, Co. par iart | 
Hallamore, J. C., Oak Farm, Burton 
Road, Littleover, nr. Derby. 
Hamil, W., 50, Woodhead Avenue, 
Kirkintilloch. 


- Hammond, D. W., 63, Waverley 


Road, Great Horton, Bradford. 


. Hammond, iG. A’, | T3e, “Hall Top; 


West Bromwich, Staffs. 


. Hammond, L., 27, North Way, North 


Heath, Erith. 


- Hancock, D., 438, Drewry Lane, 


Derby. 


¢ Hand. 2A 1-H LS, Holyhead Road, 


Oakengates, Salop. 

Hand, H. E., 189, Manwood Road, 
Crofton Park, S8.E.4. 

Hanson, C. H., 285, Abbey Street, 
Derby. 

Harding, J. W., 14, Welford Street, 
Barry. 

Hares, A,, Park Crescent, 648, Staple- 
ton Road, Bristol. 

Harford, A. E., 85, Sumatra Road, 
West Hampstead, N.W.6. 


ACTER AACE RIGA 
B’nch, re 
~ . Election. 

M. 1926. 
Se. 1920. 

Se, 1920. 

S. 1909. 

L. 1921. 

Nou 1914: 

‘ 

E.M. 1925. 

, Se. 1925. 

2 W.R. 1927 

i (Gh ay ae 

BB: 1924 

Tae) TOS) 

E.M. 1925 

B. 1927 

G+ -41918: 

E.M. 1924. 


Hargraves, R. C., 114, Chapel 
Street, Levenshulme, Man- 
chester. 


Hargraves, R. R. (Grandridge and 
Mansergh, Ltd.), Wheathill ‘Street, 
Salford, Manchester. 

252 


836 


Ye ! ; 
B'nch, of ASSOCIATE MEMBERS. 
Election, | : 


Me 1927.0 Warper,, Fo, Ax, 17, Brankingham 
Terrace, Stockton-on-Tees. 
Lnes. 1911. Harper, H., 28, Alexandra~ Street, 
Castleton, nr. Manchester. 
B. 1927. Harper, J., 113, Mansfield’ Road, he” 
Aston, Birmingham. , 
Ape 1925. Harrington, W. T., 21, Vernon Road, 
Stratford, London, E.15. 
Ines. 1922. Harris, F., 18, Holland Street, Padi- 
ham, Lancs. : 
Ss. 1926. Harris, R. 8., Callywhite Lane, Dron- 
be . field, Sheffield. 
M. 1926. Harrison, A. G., 11, Bevan Terrace, 
: Norton Road, Stockton-on-Tees. 
Se. 1916. Harrower, J. (Bo’ness Iron Company), 
: Bo’ness, Scotland. 
1 OR 1927. Hart, W. F., 5, Bishops Avenue, 
Braintree, Essex. 


Lnes. 1924. Hartley, R., 15, Oxford Road, Bootle, 7 
Liverpool. 

Sc. 1914. Hartley, R. F., London Road Foundry, 
Edinburgh. 


M. 1926. Harvey, D., 4, Rydal Road, Stock- 
ton-on-Tees. 

Ss. 1926. Hatton, W. H., Broomhall Lane, 
Sheepbridge, Chesterfield. 

E.M. 1925. Hawley, T. H., 53, Willow Brook 
Road, Leicester. 

Se. 1910. Hay, J., 120, Brownside Road, Cam- 
buslang, Glasgow. g 

B. 1910. Hayward, G. T., 8, The Laurels, 
Marroway Street, Birmingham. 

Lnes. 1923. Hayward, R., 39, Belgrave Road, 
New Moston, Manchester, 

E.M. 1922. Hayward, Wm., Fairhaven, Pas- 
tures Road, Stapleford, nr. Not- 
tingham. 

Lnes. 1925. Heatley, H., 146, Redlam, Black- 
burn. 

W.R. 1925. Heaton, B., Messrs. Hall & Stell, 

coy a a Dalton Lane, Keighley. 


‘ 


: Year 
B’nch, of 
Election, 
B. 


Lnes. 1922. 
L. 1910. 


N.... 1923. 


Sc, 1911. 


Se. 1921. 
Lnes. 1922. 
E.M. 1920. 
B. ~ 1927. 
Li-%51929: 
L. 1925. 


Lnes. 1915. 


Lnes. 1925. 


E.M. 1917. 
Lnecs. 1909. 


Sate LOD: 


W.R. 1922. 


Oly, 


B. 1918. 


E.M. 1926. 


See. 1920. 


Lunes. 1922. 
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ASSOCIATE MEMBERS. 


1906. Heggie, C., 79, Holly Lane, Erding- 


ton, Birmingham. j 

Henderson, G., 1120, Eleventh Street, 
Trafford Park, Manchester. 

Henderson, G. B., 23, College Road, 
Woolston, Southampton. . 

Henderson, J. W., c/o Singapore 
Harbour Board, Keppel Harbour, 
Singapore, Straits Settlements. 

Henderson, R., 67, Love Street, 
Paisley. 

Henry, John, 75, Alma Street, Gra- 
hamston, Falkirk, 

Henshaw, J. E., 427, Stockport Road, 
Lower Bredbury, Stockport. 

Hey, James Wm., 43, Howe Street, 
Derby. 

Hibbert, J.°C., 39, Montague Road, 
Erdington, Birmingham. 

Hibbert, J., 138, Burlington Road, 
Thornton Heath, Croydon. 

Hickenbottom, W. J., 50, Waterloo 
Road, Dunstable. 

Hill, A., 114, Middleton Road, Hey- 
wood, Lancs. 

Hill, H. G., 495, Stretford Road, 
. Old Trafford, Manchester. 

Hilton, H. J. S., 29, West Avenue, 
Derby. 

Hilton, T. G., 171, Rose Hill Road, 
Burnley. 

Hinley, Geo. H., 53, Park Lane East, 
Tipton, Staffs. 

Hird, W., The Corner, 
Bingley, Yorks. 

Holder, F. W., 131, Eagle Street, 
Coventry. 

Holland, G., Costock, nr. Lough- 
borough. 

Holland, G. A., Red House, Clay 
Cross, near Chesterfield. 

Holland, W., 1151, Chester Road, 
Stretford, Manchester. 


Harden, 


838- pb ihe by 


ASSOCIATE MEMBERS. 


Election. 


E.M. 1925. Holloran, J., 162, -Brook Street, 
Derby. 
‘Holt, A., 41, Carmen Street, Ardwick, 
Manchester. 
Homer, W. C.. 51, Lodge Road, West 
Bromwich. 


Hopkins, O. W., 72, Abbey Road, 
Bearwood, Birmingham. 

Hopwood, A., 154, Chestergate, | 
Stockport. j By 

Hotchkis, J. D., 29, Romberg Road, 
London, 8.W.17. 

Houghton, J., 15, Mayfield Road, 
Coventry. 

Howard, E. J. L., 8, Queens Terrace, . 
Clarence Road, Longsight, Man- 
chester. 

-. Howcroft, J., 5, St. James’ Street, 

New Bury, Farnworth, nr. Bolton. 

. Howe, C. A., G. I. P.: Loco Works, 

Parel. Bombay, India. 

. Howell, L. H.,° 67, Foyle Road, 

Blackheath, London, §8.E.3. . 

. Hoy, R. E., 33, Brunswick Avenue, 

Beverley Road, Hull. 

. Hudson, F., 28, Curtis Road, Fenham, 

Neweastle-on-Tyne. 

. Hudson, R., 39, St. Andrew Avenue, 

Droylesden, Lancashire. 

. Hulse, J. C., 8,:'Cecil Street, Walsall,’ 

Staffs. 

. Hunt, A., 18, Hollingwood Common, 
Barrow Hill, nr. Chesterfield. 

Hunter, J. M.,'77, Prestwick Road, 
Ayr. 

Hunter, R. L., Newlands House, 
Polmont, Stirlingshire. 

Husselbury, E., Rosemead, Winifred 
Road, Bedford. 

. Hutchings, T. C., 10, Lopen Road, 
Silver Street, Edmonton, London, 
N.18. 

Hyde, Sidney, 25, Inhedge, Gornal, — 
near Dudley. 


eo ee +e, 
els Pe tas 


( ; 


to RS 
et 


r( 
4 


Year : ele xis 
B’nch, of ASSOCIATE MEMBERS.,: 
Election. : 
Lnes. 1917. Inskip, A., 992, Ashton Old Road, 
\ Openshaw, Manchester. 
Se. 1920. Irvine, A., The Point, King Street, 
Larbert, N.B, 
W.R. 1925. Jackson, A., 73, First Street, Low. 
of Y. Moor, Bradford. 
Ines. 1925. Jackson, A., 27, Marlboro’ Street, 
Accrington. 
Lunes. 1923. Jacques, T., The Cottage, Hill Top, 
Romiley, nr. Stockport. 
B. 1914. James, W., 96, Grove Lane, Hands- 
worth, Birmingham. 
L. 1925. Jarvis, B., 30, Princes Street, Dun- 
’ stable, "Beds. 
N. 1919. Jay, H. C., 32, Bayswater Road, 
West J esmond,Neweastle-on-Tyne. 
Se. 1927. Jeffrey, R. S. M., Lithgow Avenue, 
: Kirkintilloch. 
N. 1921. Jobes, _G. B., 18, \South Street, 
Gateshead-on-Tyne. 
B. 1919. Johnson; J. B., 27, Ball Fields, Tipton. 
M. 1926. Johnson, L., “45, Lanehouse Road, , 
: Thornaby-on-Tees. 
N. 1925. Johnson, N., 17, Chester Road, Sun- 
derland, Co. Durham. . 
B. 1924. Johnston, W. L., 49, Gough Road, 


Lnes. 1916. 
Lnes. 1919. 
Tie 441927, 
Lnes. 1922. 


W.R. 1922. 
of Y. 


Lnes. 1907. 


Sc. 1927. 


ey ites se No Anh eae MNS oy 
) 4,3 ay | Nes ng a 


‘Kennedy, D., 23, 


SS sy etitewer casa) & 
F : i ae: i a ‘Fr 
Ica oo hy eh f 
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Coseley, nr. Bilston, Staffs. 
Jones, J. H.,' “Elleray,’’ Temple 
Drive, Swinton, Manchester. 


Jowett, H., 53, Turf Hill Road, 
Rochdale. 
Kam,,-C:) .H., 7; Victoria » Street; 


Braintree, eee 

Kay, Wm., 9, Hastbank Street, Bolton, 
Lanes 

Kaye, H., 6, Fryergate Terrace, New 
Scarboro’, Wakefield. 

Kemlo, R. W., “ Dunottar,”? Camp- 
bell Road, Brooklands, Cheshire. 

Copland Road, 


Govan, Glasgow. 


tt ve MI plo ee a at 


vt 


‘840 


Year ‘ 
B’nch, of ASSOCIATE MEMBERS, 
Election, : 
Se. 1912. Kennedy, J., ‘“ Dunard,’’ Howieshill, 
Cambuslang. 

E.M. 1918. Kerfoot, John, 23, Cumberland Road, 
Loughborough. 
Sc. 1914. Kerr, \W., 101, Ardgowan Street, 

Glasgow. 


Lnes. 1925. Kershaw, J., 31, Birkdale Street, 
Cheetham Hill, Manchester. 

Lnes, 1927. Kidd, §. (Junior), 4, St. Stephens 

; Street, Oldham. ‘ 

Se. 1927. Kilpatrick, A., 463, Cullen Terrace, 
Carron Road, Falkirk. 

N. 1925. Kirby, A. D., 6, Falshaw Street, 
Washington Station. 

Lnes, 1924, Kirkham, J., 13, Gt. James Street, 


W. Gorton, Manchester. oa 
W.R. 1922. Kirkbride, A. D., 24, Springswood 
OL; y. Avenue, Shipley, Bradford, Yorks. 


Sc. 1920. Kirkwood, J., 102, Balgrayhill Road, 
Springburn, Glasgow. ‘ 
B. 1922. Kitchen, B., 1, Hughes Avenue, 
Birches Barn’ Road, Wolver- | 
hampton. i 
‘B. 1919. Klyver, F. D., 45, Farman Road, 
Coventry. 
S. 1908. Knowles, J. (¢/o. Walkers), Manchester 
: Road, Stocksbridge, Sheffield. 
B. 1927, Laffordy T. W., 8, Pensnett Road, 
Brierley Hill. é 
iL: 1922. Laidlow, Wm., 9, Griffin Road, Plum- 
stead, S.E. Yi 
Lnes. 1923. Laing, J., 23, Aspley Road, Bedford. 


Lnes. 1927. Lally, W., la, Duchy Street, Seedley \ 
Road, Pendelton, Manchester, 

Se. 1922. Lang, Wm., 64, Second Avenue, 
Radnor Park, Clydebank. 

Se. 1907. Lawrie, Alex., 40, Glebe Road, 

Kilmarnock. 

Se. 1919. Lawrie, R..D., 49, Thorncliffe Lane, 
Chapeltown, Sheffield. 

S. 1920. Laycock, E. 213, Grimesthorpe Ro&kd, 
Sheffield. 


8dl 


Year ' 
B’nch, of ASSOCIATE MEMBERS, 
Election, 
Ines. 1914. Leaf, J. W., District Bank House, 
Castleton, nr. Rochdale. 
H.M. 1925. Lee, H., 20, Moss Street, Derby. 
N. 1913. Lee, J., 38, Point Pleasant Terrace, 


Gen. 1921. 


s 1925 

bs) 1920. 
B 1919. 

B 1925 

1By 1910. 
W:R. 1926. 
of fY; 

Sc. ~ 1925. 


Lunes. 1927. 
H.M.: 1923. 
Lunes. 1925. 
Taser £919; 
N.,- I9lo. 
Se. 1910. 
Lis 1922. 
eae 1925. 


Wallsend-on-Tyne. 

Leech, Wm. Creighton (N.S.W. Gov, 
Railways), Wentworth and Rut- 
ledge Street, Eastwood, Sydney, 
N.S.W. 


. Levesley, Wm., 32, Westbourne 


Road, Broomhill, Sheffield. 
Lewin, H., *“‘ Westbrook,”? St. John’s 
Road, Newbold, Chesterfield. 
Lewis, D. (John Harper & Company, 
Limited), Albion Works, Willen- 

hall, Staffs. + 


5. Lewis, E. J., 61,° Grafnant, Church 


Vale, West Bromwich. 

Lewis, G., Strathmore, Paget Road, 
Wolverhampton, 

Liddemore, A. E., Cliffe Terrace, 
Ingrow, Keighley. 

Liddle,-.R., 117, Roseberry Street, 
Oatlands, Glasgow. 
Liley, M., 64, Buxton Crescent, 
Turf Hill Estate, Rochdale. 
Limbert, H., 15z, Factory Street, 
Loughborough. 

Lineker, A. W., Ruddington House, 
Beaconsfield, C.P.,; South Africa. 

Lisby, T., 7, Meanley Road, Manor 
Park, E. 

Little, J. E. O., 1, Gibson Terrace, 
Maryhill, Dundee. 

Littlejohn, A., 11, Esmond Street, 
Yorkhill, Glasgow. 

Littleton, W. H., 29a, Wabeck Road, 
‘Anerley, 8.H.20. 

Lockett, E., 38, Jackson  Streat, 
Gorton, Manchester. 


Year 

B’nch. of 

Blection. 
Se. 1922. 
W.R..1922. 
of Y. 
Ines. 1927. 
Lunes. 1910. 
W.R. 1927. 
OL YS 
B: 1908. 
Sc. ° 1926. 
N. 1919. 
Se. . 1910. 
8, 1922. 
Se. 1919. 
Se. 1925. 
M. 1927. 
Moe (LOST 
Lnes. 1924, 
Ss. 1913. 
E.M. 1924. 
Sc. 1913. 
Se.'. 1917. 
Se. 1911. 
Se. 1910. 
B.. *1904. 


ASSOCIATE MEMBERS, 


Longden, J.,) 11, .Drumry— Road, 


Clydebank. 
Lowe, E.; 35, Foster. Road, Ingrow, 
Keighley, Yorks. 
Lowe, J., 175a, Dill Hall Lane, 
Church, near Accrington. 


Lupton & Sons, H. E., Scaitheliffe 


Works, Accrington. 

Loxton; C. R., 26, Himet Avenue, 
Roundhay, Leeds. 

Mace, C., 64, Port Street, Manchester. 

MeArehar: J. N., 24, Bank, Street, 
Hillhead, G ee 

McBride, T. B., 3, Kingsley Avenue, 
Whitley Bay. 


McCall, J. J., 162, Cambridge Drive, 


wc Kelvinside, Glasgow. 

McCleallan| Cedi bLO; Carver Street, 
Sheffield. 

McConnell, W., 136; Carsaig Drive, 

_ Craigton, Glasgow. 

McCulloch, W., 174, Newlands Road, 
Catheart, Glasgow. } 

McCusker, C. B’., 32, Lanehouse Road, 
Thornaby- on- Leesiy.. red 

McCusker, M. 8., .6, Wood ' ‘steel 
Stockton-on-Tees. ; 

McDermott, J. P., 118, Briersill 
Avenue, Rochdale. 

Macdonald, W. A., 219, Ringinglow 
Road, Heclesall, Sheffield. 

McDonald, D. M., 45, Stenson Road, 
Derby. ’ : 

McDonald, W. F., 5, Hutchinson 
Place, Cambuslang. / ; 

MacDougall, Miss E., 22, Clarendon 
Street, St. George’s Cross, Glasgow. 

McEachen, J., Regent Street, Kirkin- 
tilloch. | 

Macfarlane, J.,51, Kings Park ‘Avenue, 
Cathcart, Glasgow. 

McFarlane, T., Farm Road,.Horsehay, 
Salop. 


en th is eats eS Bd 
{: . 
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j Year ; i 
B’nch, of ASSOCIATE MEMBERS, 
Election, 
Se. 1914. MceGawin, R., 5, McKenzie Avenue, 
Clydebank. 
Se. 1920. MeGovan, A., 69, Battlefield Avenue, 
Langside, Glasgow. 
Sc. 1910. McGowan, R..»R.,  Colliston-by- 
; Arbroath. 
Se. 1910. Mackay, G., 103, Glasgow Road, 
Paisley. 
Ss. 1916. Mackley, A., 151, Malton Street, 
Sheffield. 


Lunes. 1923. 


sc. 1922. 


Lnes. 1922: 


: Sc. 1910. 
N. 1922. 
W. & 1925. 
Sc... 1918. 
Se. 1928. 
Se. 1910. 
~ Lnes. 1927. 
Se. 1926. 
Gen. 1925. 


Theos: 1921: 
N. /1924. 
B. 1909. 


. Lunes. 1923. 


“Se... 1910. 


Peer ana A Tbe Pea AGL Te eee 


McKenzie, Wm., c/o J. Hodgkinson, 
Ltd., Ford Lane Works, Pendle- 
ton, Manchester. 

McKinnon, J. C., Leaside Rowers, 
Cogan Street, Barrhead. 


Maclachlan, J. R., 7, Newall Mount, ' 


Otley, Yorks. 
McLachlan, W., 5, Dawson Terrace, 
Carron, Falkirk. 

McLaughlin, P., 9, Polmaise Street, 
Biaydon-on-Tyne. 
McLean, J.,, Donella, 12, Dinas Street, 

Grange, Cardiff. 
McNab, J., Bells Wynd, Falkirk. 


McNiven, Alex, 13, Dawson Street, 
Falkirk. 

McPhie, H., 40, Philip Street, Fal- 
kirk. 

MeVie, J., Glen View, 23, Infirmary 
Road, Blackburn. 

MeWhirter, A., 74, Ochie 
Tolleross, Glasgow. 

Mahindra, J. C.,°6 and 7, Clive 
Street, Caleutta, India. 


Street; 


Mallett, E., 1152, Chorley Old Road, , 


Bolton. 

March, T., 25, Clifford Street, Blay- 
don-on-Tyne. 

Marks, J., 73, Crosswells Road, Lang- 
ley, Birmingham, 

Marlow, E., 53, Flixton Road, 
‘Urmston, Manchester. 

Marshall, G.,. “ Fereneze,” Russell 
Street, Burnbank, Lanarkshire, 


Year i 

B’nch, of ASSOCIATE MEMBERS, : 

Election, 

L. 1922. Marshall, H. C., 29, Westward Road, 
S. Chingford, E.4. 

Se. 1912. Marshall, W. G., ‘ Kyleakin,” Lark- 
hall, Scotland, ie 

Lnes. 1925. Marsland, J., 205, Manchester Road, 
Droylesden, Manchester, 

Lnes. 1913. Marsland, T., 401, Manchester Road, 
Droylesden, Manchester. 

zen. 1924, Mason, A., 2, Lindsey Street, Frod- 
ingham, Scunthorpe, Lines. 

W.R. 1922. Martin, F., 67, Nowell Terrace, 

OLY Harehills Lane, Leeds. Se 

Lnes. 1927. Martin, W., 34, St. George Street, 
Withington, Manchester. 

B. 1925. Massey, J. S., 49, Hawkes Lane, 
Hill Top, West Bromwich. 

Lnes. 1917. Masters, J., “The Hollins,” Vane 
Road, Longden Road, Shrews- 
bury. 

B: 1922. Masters, T. J., 12, Glover Street, 
West Bromwich. 

B. 1909. Mathews, J., 20, Earl Street, Walsall. 

iB: 1921. Mauby, R. A., Hopstone, Bridgnorth, 

Salop. 

Ines, 1926. Mazarachi, A. C., 42, Ullet Road, 
Liverpool. 

Lnes. 1925. Meadowcroft, H.,14, Worcester Street, 
Rochdale. 

Se. 1914. Mearns, A., Bengal Tron Co., Kulti, 
K. I. BR., India. 

Lnes. 1926. Mellors, W.,166, West Street, Oldham. 

M. 1926. Menzies, A., 2, Poplar Road, Thorna- 
by-on-Tees. 

Lnes. 1926. Merigold, J. J., 67, Swans Lane, 
Bolton. 

B. 1921. Meston, J. M., Priory House, Priory 

; Street, Coventry. 

Ss. 1913. Miller, A., 90, Bawtry Road, Tinsley, 
Sheffield. 

Ss. 1918. Milner, H., 163, Cross Hill, Ececles- 
field, nr. Sheffield. ; 

W.R. 1923. Milner, J. W., 29, Welbeck Street, 

of Y, Sandal, Wakefield. ‘ 
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ASSOCIATE MEMBERS, 


Mitchell, .W.' C... 2, Lang | Street, 
Paisley. 

Mitra, 8. B., ¢/o Bengal Iron Co.,, Ltd., 
Kulti, E. I. R., India. 

Moffat, J., 12, Dryden Street, Padi- 
ham, Lanes. 

Moffitt, R., 172, Devonshire Street, 
Keighley, Yorks. 

Moir, J. D., Bo’ness Iron Company, 
Ltd., Bo’ness, Scotland. 

Moir, T., 10, Alma Street, Falkirk, 
N.B. 

Mole, T., 7, Delville Road, Church 
Hill, Wednesbury. 

Moodie, Colin, 169, Station Road, 
Beeston, Notts. 

Moore, R. C., 61, Fitzwarren Street, 
Seedley, Manchester. 
Moore, W. H., Devonia, Moat Road, 
Langley Green, Birmingham. 
Moorhead, H. A., 22, Moorland Cres- 
cent, Walker Estate, Newcastle. 

Morehead, J. 8., 98, Wilton Street, 
Kelvinside, Glasgow. 

Morewood, J. L., 37, Paignton Road, 
Rotton Park, Birmingham. 

Morgan, E. §8., 22, Clipton. Road, 
Saltley, Birmingham. 

Morgan, W., Bryn Derwen, Bryn 
Terrace, Porth, Glam., So. Wales. 

Morris,~ TT: R., “3, Albert / Street, 
Masboro’, Rotherham, 

Morris, W., 16, Bird Street, Preston. 

Mudie, T., 34, Beech Grove, Monk- 
seaton. 

Muir, W., “Bellevue,” Carronshore, 
Falkirk. : 

Murray, J., 5, Elmwood Avenue, 
Willington, Quay-on-Tyne, 

Naylor, A., 239, Abbeyfield. Road, 
Pitsmoor, Sheffield. 


Year 
B’nch., of 
lection. 
Se. _- 1927. 
Sea. 1922: 
Ines. 1918. 
WLR. 1927. 
of Y. 
Se. 1916. 
Se. 1926. 
3s 1916. 
E.M. 1921. 
Lunes. 1926. 
B. +1916. 
N. 1920. 
Se. 1909. 
B. 1919. 
B; 1926. 
AW: & 1922. 
M. ; 
Ss. 1924. 
Lnes. 1925. 
N. 1924. 
Se: >) 1927. 
N. 1913. 
8. 1914. 


_ Bench, 


Hee 


K.M. 


Election. 


1915. 


1926. 


. 1925. 
. 1925. 


“1914. 


. 192% 
. 1920. 
. 1926. 


“Ugr2: 


1921. 


1918. 


. 1920. 


. 1924, 


1924. 


1921. 


. 1920. 


s. 1923. 


1910. 
1920, 


L927. 


1924. 


1922. 


ASSOCIATE MEMBERS, — - 


Naylor, F., 26, Nowell Crescent, 
Harehills Lane, Leeds. 

Neath, F. K., 16, Sarehole Road, 
Hall Green, Birmingham. 

Needham, G.. A., 11, Newbridge 
Lane, Stockport. ; 

Neild, G., 3, Baden Pereace: Hough , 
End, Bramley, Leeds. 

Nekervis, J., 14, Broughton Road, 
South Shields. 

Newland, J. E., 37, Provost Saabs 
Holbeck, Leeds. Mier 

Newport, F., 1428, Ashton Old Road, 
Higher Openshaw, Manchester. 

Nichol, W. E., 19, College Road, ’ 
Crosland Moor, Huddersfield. 

Nicholls, J., 146, Hulton Street, 
Trafford Road, Salford. 

Nicholson, J. D., 13, Taylor Street, 
South Shields. 

Nisbet, H. L., Lilyburn, Hillend Road, 
Lambhill, Glasgow. 

Noble, A., 42, Central Road, Gorton, 
Manchester. 

Noble, J., 53, Reddish Lane, Gorton, — 
Manchester. 

Northeott, L., 9, Kirk Lane, Plum- 
stead Common, London, S.E.18. 

Offiler, G., 9, Ward Place, Highfields, 
Sheffield. < 

Oldham, R., 191, Dill Hall Lane, 
Church, Lanes, 

Ollier, A. L., 53, Gorse Street, Stret- 
ford, Manchester. 

Olsen, W., Cogan Street, Hull. 

Orman, Wm., 55, Sunnyside Street, 
Camelon, Pallcirk: 

Orme, R. F., Ardorn House, Sydney 
Road, Hillmorton, Rugby. 

O’Shea, D. B., Vickers, Ltd., Broad- 
way House, Westminster, 8.W. 

Ottewell, H., The Mead, SV AWARE, 
Alfreton, ‘Derby. 


Year 
of 


* Election. 


1922. 


. 1924. 


1914. 


1924. 


847 
ASSOCIATE MEMBERS, 


Owen, <A. C.,  Giadstone House, 
Ketley Bank, near Wellington, 
Salop. 

Owen, W.;. 33, Granville Road, Gor- 
ton, Manchester. 

Oxley, C., 101, Sen recmmery, Road, 
Sheffield. 

Palmer, A., 14, Marsh Hill, Stockland 
Green, Birmingham. 


. Palmer, T., 5, Marmaduke Street, 


Oldham. 


. Parkes, I., 157, Whitehall Road, 


Greets Green, West Bromwich. 


. Parnell, H., “‘ Freda Villa,” 25, 


Queen’s Road, Burnham - on - 
Crouch. 


. Parrington, P., 30, Vernon Street, 


Bury. 


. Parsons, D. J., 23, Imperial Avenue, 


Kidderminster. 


. Patrick, A., 65, Mungalhead Road, 


Falkirk. 


. Patrick, J., 5, St. Margaret's Street, 


Canterbury, . Victoria, Australia. 


. Payton, T. G., 33, King Street, Dun- 


stable, Beds. 


. Pearson, C. E., 2, Pearl Street, Salt- — 


burn-by-Sea. 


. Pemberton, H., 15, Wolfa Street, 


Derby. 


. Perkins, F. 8., 55, Slaney Street, 


Neweastle-under-Lyme, Staffs. 


27. Perry, A. E., 153, Dartmouth Park 


Hill, Highgate, London, N.19. 


. Phillips. A., 38, Gorse Crescent, 


Stretford, Manchester. 


> Phillips, "H:; ‘* Fairholme,” _ Parkvale 


Avenue, Wednesbury, Staffs. 


. Picken, J., Lilac Cottage, Doseley, 


Dawley, Salop. 


. Pierce, G. C., 11, Athelney Street, 


Bellingham, S.E. 6. 


B’nch, of 


B41g 


ASSOCIATE MEMBERS, 


Election. 


S. 1926. 
Lnes. 1918. 
W.R. 1922. 


re 1922. 


Lunes. 1922. 


Epes: 1922. 
L. 1912. 
Bs 1909. 
ASS CO ISVG, 
M. 1926. 
1926. 

TL. 1926. 
Sc. 1904. 
\ By 1920. 
Lunes. 1910. 
iby 1917. 
Ss. 1907. 
E.M. 1916. 


Lnes. 1927. 


Pollard, C. D., 392, Firth Park Road, 


Sheffield. 


Potts, W., 1, Far Lane, Hyde Road, 


Cockon: Mahohester: 

Poulter, H., 4, Beech Grove,» Under- 
cliffe, Bradford, Yorks. 

Prescott, J., 3, Louisa Street, Belton, 
Lanes. 

Priestley, Jos., 258, Waterloo Street, 
Bolton, Lanes. 


Priestley, Thos., 185, Kay Street,— 


Bolton, Lanes. 

Primrose, H. 8. (Campbell & Gifford), 
17, Victoria Street, S.W.1. 

Pugh, C. B., Ramsey House, Bescot, 
Walsall. 

Pugsley, TT. °M., 45, Testis Street, 
Vereeniging, Transvaal, South 
Africa. 

Ramsey, J. E., 95, Princes Road, 
Middlesbrough. 

Rand, T., 11, Pearl Street, Saltburne 
by-Sea. 

Randle, L. A.; 45, Nichols Street, 
Coventry. 

Rankin, R. L. (Sharp & Company), 
Lennox Foundry, Alexandria, 
Scotland. 

Rasbridge, W. J., 160, Evelyn Street, 
Deptford, 8.E. 

Rawlinson, W., ‘Fairhaven,’ Portland 
Road, Ellesmere Park, Eccles, 
Manchester. 

Reaman, H., 13, Adelaide Road, 
Brockley, 8.E.4. 

Redmayne, L., Little London Road, 
Sheffield. 

Reffin, J. J., 79, Barclay Street, Fosse 
Road South, Leicester. 

Reynolds, J. A., “‘ Nirvana,’’ Eccles- 
ton Park, near Prescot. 
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Election. 

Lnes. 1907. Reynolds, W., 13, Park View Terrace, 
Oldham. 

W.R. 1922. Rhodes, W., 20, Hope View, Carr 

of Y. Lane, Windhill, Shipley, Yorks. 

Ss. 1922. Rhodes, Wm., Beech Holme, Eccles- 
field, nr. Sheffield. 

L. . 1925. Richards, W.§., 68, Beatrice Avenue, 
Keyham Barton, Devonport. 

W. & 1924. Richardson, R.J., Llanblethian House, 

M. nr. Cowbridge. 

N. 1912. Richardson, W., 204, South Frederick 

; Street, South Shields. 

M. 1926. Richardson, J. W., 424, Linthorpe 
Road, Middlesbrough. 

IE. 1924. Richman, A. J., ‘“‘ Strathaven,’’ Brooks 
Hall Road, Ipswich. 

Ines. 1927. Ridyard, A., 26, Astonwood Road, 
Higher Tranmere, Birkenhead. 

Lnes. 1911. Riley, J., M.Sce., A.M.I.C.E., A.M.I. 

, Mech.E., M.I. & §.1., 3, Glen Road, 

: off Lees Road, Oldham. . 

Ss. 1912. Roberts, G. E., 149, Sharrow Vale 
Road, Sheffield. : 

N. 1921. Robertson, H., 60, Ryhope Road, 

: Grangetown, Sunderland. 

Sc. 1920. Robinson, C. H., 42, Smith Street, 
Hillhead, Glasgow. 

Lnes. 1920. Robinson, F., 369, Wigan Road, 

et Deane, Bolton. : 

B.- 1925. Robinson, J., 8, Esplanade East, 
Caleutta, India. 

M. 1917. Robinson, J. H., c/o. R. W. Crosth- 
waite, Ltd., Union Foundry, 
Thornaby-on-Tees. 

N. 1919. Robson, F., 44, Stannington Place, 

‘Heaton, Newcastle-on-Tyne. 

Ss. 1913. Rodgers, F., Brightside Foundry 
& Engineering Co., Ltd., Newhale 
Tron Works, Sheffield. 

s. 1913. Rodgers, J. R. R., 362, Firth Park 
Road, Sheffield. 


\-- Year 
B’nch, of 
Election, 


Se. ‘ehale 
B. 1917. 
E.M. 1913. 
Gen: 1920. 
Se. - 1926. 
se. 1922. 


Lunes. 1922. 


E.M. 1924. 


= 
iS) 
for) 


Lnes. 1924. 
W.R. 1927. 


OLY; 
L. 1913. 


L., 1928. 
S. L021. 
B. 1905. 
M. 1926. 
W.R. 1922. 


Oly. 
Sy. 1927. 
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Rodgers, Pp. Jubilee « Place, Bonny.- 
bridge. 

Roe, H. J., 29, Park Road, , Moseley, 
Birmingham: 

Roe, J., Globe Foundry, Stores Road, 
Derby. 

Rogers, %. Ey, 228; Maycock Road, 
Coventry. 

Rolland, “W., 10, Victoria Drive, 
Scotstoun, Glasgow. 

Ross, E..J., 12, Afton Street, Leng 
side, Glasgow. : 

Rowe, F. W., 41, Moorside Avenue, 
Crosland Moor, Huddersfield. 


Rowell, E. L., 1, Rathbone Place, 
Middle Hill, , Nottingham. 


. Rowntree, F., 28, Campbell Street, 


Bowling Back Lane, Bradford, | 
Yorks. 


. Roxburgh, J., 720, Abbeydale Road, 


Sheffield. 


. Rutherford, C,, “‘ Inglefield,” Eagles. 


‘cliffe, near Van ) 8 O3 


. Rutledge, W. B., 61, North View, 


Heaton, Neweastle- -on-Tyne. 

Ryding, F., 652, Barnsley Road, 
-Wigan, Lanes. 

Ryner, A. 8., West Bank, Heworth, 
York. 

Samson, A, 18, Martin Road, Ipswich. 

Sanders, H. H., 21, Etherley Road, 
Harringay, N. 1é 

Sanders, Horace L., 72, Murray 
Road, Eccleshall, Sheffield. ! 

Sands, J., 27, Victoria Street, Wiese 
Bromedeh: 

Sault, A., 10, Pine Street, Motto 
on: Tees, 3 

Sayers, H., 58, Acre Road, Middleton, 
near Leeds. 

Scholes, A., 35, Bromwich Road, 
Woodseats, Sheffield. 


eee any as uae cc aire Ss Be Dany) 
a inom " We 
X 1 t 
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Year / 
B’nch, | of ASSOCIATE MEMBERS, 


Election. 


Lnes. 1924. Scholes, W. H., 15, Hope Park Road, 
Bent Hill, Deata evict Manchester. 


Sc. 1923. Scott; C.,. 7, La France Avenue, 


Bloomfield, New Jersey, U.S.A. 


N. 1916. Scott, G. W., 1, Northumberland 
Villas, Wallsend-on-Tyne. 


N. 1921. Scott, H., 41, Greenhow Place, Els- 
wick, Newcastle-on-Tyne. 


N. 1918. Scott, W., 7, Lynwood Avenue, Blay- 


don-on-Tyne. 
M. 1926. Seaman, A., 1, Cowper Bewley Road, 
Haverton Hill, Middlesbrough. 


Lnes. 1925. Self, D., 11, Croft Street, Failsworth, 
Manchester’ 


8. 1921. Senior, George, 305, Upperthorpe, ~ 


Sheffield. 


Lnes. 1925. Service, J., 78, Highfield Road, 
Seedley, Manchester. 


W.R. 1913. Shackleton, H. R., Upper Pear Tree 


OLys Farm, Hainsworth Shay, Keighley. 
W.R. 1922. Shaw, A., 28, Marlboro’? Road, 
of Y. Shipley, Bradford. 


L. 1924. Shawyer, G. H., 81, Edward Street, 
Deptford, 8. i. 8. 


‘L, — 1926. Shawyer, junr., G. W., 81, Edward 


Street, salt S08 8.H.8. 


iss 1924, Shearman, F. E., 63, Summerfield 


; Crescent, Birmingham. 

Lnes. 1926. Shepherd, F. L., 215, Tottington 
Road, Bury. 

S. 1923. Sherratt, W., 39, Horndean Road, 
Pitsmoor, Sheffield. 


“ELM. 1925. Sherriff, C., 62, Herbert Street, 


Loughborough. 

B. 1925. Shore, A. J., ‘‘ Bradda,”’ Quinton Hill, 
Birmingham. 

B. 1920. Shorthouse, W. H., 60, Edward Street, 
West Bromwich. 


: ~B. 1927, Shwalbe, S., 62, Milverton Road, 


Erdington, Birmingham, 


Year 
B’nch, of 
Election, 


W. & 1925. 
<M. 
Lnes. 1922, 
Ss. 1917. 
1925. 
1914, 
. 1925. 
1916. 


~ Lnes. 1905. 


& 


1925. 


Wi 21925: 
E.M. 1925. 
L. 1911. 
Lnes. 1906. 
Le 1927, 
Lnes. 1925. 
Gen. 1919. 
8. 1913. 


Senn 7 £921; 
N. 1914, 


i speligie ye 


Lnes. 1909. 
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Silverwood, H. Wm., 320, Newport 
Road, Cardiff. 

Simkiss, H., 28, Energy Street, Brad- 
ford Road, Manchester. 

Simpson, C. D., 17, Willis Road, 
Hillsbro’, Sheffield. 

Simpson, F. A., 110, Edward Street, 
Sheffield. 

Simpson, H., Greenhurst, Doseley, 
Dawley, Salop. 

Simpson, J. A., 3, Jesmond Place, 
Hunslet Hall Road, Leeds. 


Sinclair, J., 25, Granville Street; Mill- 


field, Sunderland. 

Skelton, H. S., “Lindsey,” Old 
Lane, Eccleston Park, Prescot, 
Lanes. 

Skerl, J, G. A:, M.Se., Dept. of 
Applied Science, St. George‘s 
Square, Sheffield. 

Skidmore, B., 2, Jackmans Place, 

. . Letchworth, Herts. 

Slade, R. H., 254, St. Thomas -Road, 
Derby. 

Slater, H. O., ‘“‘ Sunny Hill,’ Lessners 
Park, Belvedere, Kent. 

Smethurst, ARH is BS Briery Croft, Lodge 
Lane, Warrington. 

Smith, A. C., 9, Greenway Gardens, 
London, N. W.3. 

Smith, F., 85, Greenbank Road, 
Rochdale) 

Smith, F. G., 15, Cherry Street, 
Coventry. 

Smith, J., Abney House, Gleadless 
Road, Sheffield. 

Smith, J., 6, Kennard Street, Falkirk. 

Smith, J. M., Brass Foundry, Elswick 
Works, Wemeautle: 

Smith, S., 114, Tetley Road, Hall, 

qreen, Birmingham. 

Smith, S. G., 86, Barton Road, Strete 
ford, Manchester. 
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Smith, W., 358, Halifax Road, 
Todmorden. $ 

Smith, W. F., 152, St. Thomas Road, 
Derby. cond 

Smith, W. H., 9, Leopold Street, 
Derby. 

Smith, Wm., 10, Bell Street, Newsome 
Road, Huddersfield. 

Sneddon, F. M., 28, Forest Street, 
Mile End, Glasgow. 


. Somerfield, H., 146, Sandygate Road, 


Sheffield. 


. Sperring, B. F., 244; Lake Road, 


Portsmouth. 


. Spittal, J., 82, Norham Street, Shaw- 


lands, Glasgow. 


. Stacey, C. W., 5, Harcourt Street, 


Gorse Hill, Stretford, Manchester. 


. Stanley, F., 16, Fir Street, Patricroft. 
. Stanton, L., 8, Low-wood Road, 


Erdington, Birmingham. 


. Stark, W. C., 37, Summertown Road, 


Govan. 


. Starr, F. G. S., 128, Selwyn Road, 


Rotton Park, Birmingham. 


. Stead, H., lst 36, Cheetham Hill Road, 


Stalybridge. 


. Steggles, A. L., 240, Bellhome Road, 


Sheffield. 


. Stephen, 8. W. B., The Woodlands, 


Hagley Road West, Birmingham. 


. Stevens, Wm., ‘‘ Newland,’’ Church 


Rd., Rodbourne, Cheney, Swindon. 


. Stevenson, M., 9, Fountains Avenue, 


Firwood, Bolton. 
Stirling, E., York Place, Kirkintilloch, 


. Stobbs, R., 199, Stanhope Road. 


South Shields. 


. Stocker, W. E., 109, Ellesmere Road, 


Pitsmoor,, Sheffield. 


. Stone, H. G., 20, Cautley Avenue, 


Clapham Common, 8.W. 


Year 

B'nch, of 

Election, 
Lnes. 1924. 
E.M. 1925. 
E.M. 1926. 
W.R. 1924. 
of Y. 
Se. 1924. 
meri 1924 
“133 1904 
Se. 1920 
Lnes, 1926 
Lnes. 1926 
B. 1927 
Se. 1918 
B. 1917 
Lnes. 1917 
Ss. 1914 
IB 1914 
L. 1921 
Lnes. 1921 
pe... 1925. 
N. 1914 
Ss. 1919 
L. 1915 
Lunes. 1920 


. Storer, W. H., 255, Settle Street, 


Great Lever, Bolton. 


B’nch, of" 
Election. 


W.R. 1926. 


of ¥. 


Te £925: 


L. 1922. 


x 


E.M,. 1927. 
Lnes. 1910. 
W.R, 1922. 
Lnes. 1919. 
Lnes. 1923. 
pers 1927: 
Wis cul 922, 
8. 19OtS. 


Lnes, 1922. 


Gen. 1906. 
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Yorks. 


Stott, E., 4, Orchard Street, Otley, 


Stubbs, R..G., 290, Commercial Road, — 


Peckham, 8.E.15. 
Summers, H. G., 35, Perry Hill, 
Catford, S.H.6. 
Summersgill, E. (Junior), 47, Station 
Road, Long Eaton, Notts. 


Sutcliffe, A., 1, Firwood Grove, Tonge . , 


Moor, Bolton. 
Sutcliffe, A., “‘ Thorneliffe,”’ Welling- 
ton Road, Todmorden, Yorks. — 


Sutcliffe; W., 3, Birkdale * Road, it 


Turf Hill, Rochdale. 

Swann, H., 31, Alexandra Road, 
Patricroft, Manchester, ; 
Syme, T. R., 90, Rolland Street, 

Maryhill, Glasgow. 
Tait, A. H., Armagh House, Wallsend- 
‘  on-Tyne. 
Tait, E., 47, Tyzack Road, Wood- 
seats, Sheffield. ; ; 
Tate, C. M., Brook Royd, Tod- 
morden Road, Burnley. 


Taylor, A. (Fielding & Platt, Limited), 


Atlas Ironworks, Gloucester, 


. Taylor, A., The Willows, Gipsy Lane, 


Willenhall. 


. Taylor, E. R., 148, South Road, 


Handsworth, Birmingham, 


. Taylor, F. (Taylor & Sons, Limited), 


Britonferry, South Wales. 


. Taylor, F., J.P., ‘“ The Willows,” Gipsy 


Lane, Willenhall, Staffs. 


. Taylor, James, 3, Tremellen Street, 


Accrington. 


. Taylor, R. J. S., Hill Crest, Broom- 
hall Lane, Old. Whittington, — 


Chesterfield. 


. Teasdale, I., Homeland, Norton 


Village, Letchworth. 


. Temple, G. T., 35, Grosvenor Drive, . 


Whitley Bay. 


CPR Se coe Beer te Th 5A bape Ts ae a NS ee es tot 
} 4 Ki : ; i Ay ae Pe sie * toa 
855 : | 
Year ; 
B’nchk, of ASSOCIATE MEMBERS. 
= Election. 
Sc. 1926. Tennant, A. MeA., 2, Union Road, 
‘Bathgate. : 
Lnes. 1922. Thatcher, E. H., The Newport Foun- 
dry Co., Mill Parade, Newport. 
N. 1924. Thom, J., 11, Moorland | Crescent, 
Walker, Newcastle-on-Tyne. . 
L. 1909. Thomas, E., 41, Kingshill Road, 
Swindon. 
W.R. 1922. Thompson, E., Thryburg Street, 
fOr Y./ \ Leeds Road, Bradford. 
His 1926. Thompson, J. 8., 21, Erith Road, 
Belvedere, Kent. 
Sc. 1925. Thomson, D. B., 1 Knowe Terrace, 
$ Hillend Road, Lambhill, Glasgow. 
Ss. 1921.! Thomson, T. A., 8, ~ Clifton Dale, 
York. 
Ss. 1923. Thornton, A. E., 34, Hampton Road, 
Pitsmoor, Sheffield. 
Lnes. 1911. Timmins, A. E., 133, Roose Road, 
. Barrow-in-Furness. 
Lnes. 1924. Timperley, T., 30, Ventnor Road, 
Heaton Moor, Stockport. 
E.M. 1927. Tompkin, 58. E., /332, East Park 
Road, Leicester. 
Se. 1925. Tonagh, Chas.,.70, Stevenson Street, — 
tf -Calton, Glasgow. 
Lnes. 1919, Toplis, H., Hans Renold, Limited, 
5 Burmage Works, Didsbury, Man- 
chester. 
Lnes. 1914. Topping, G., 17, Bebbington Street, 
Clayton, Manchester. 
LL. 1925. Torode, G. F., 537, Oxford Road, 
Reading. 
B. 1909. Toy, J. H., 87, Edgbaston Road, 
Smethwick, Stats. ¢ 
“Se, 1920. Trapp, P., Kilnside Cottage, Falkirk. 
, 1924. Tunnicliffe, F. J., 9, Augusta Street, 


Derby. 
1923, Turnbull, Alex. W., Primrose Cottage, 
Bonnybridge. 


B’nch. 


Year 
of 


Election, 


1918. 
1923. 
1925. 


1920. 
1921. 
1917. 
1921, 
1914. 
1925. 
1921. 
1920. 
1922, 
1920. 
1920. 
1920. 


1920. 


I915. 


1924, 
1919. 
1925. 


1911. 
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Turner, W., 90, Edgedale Road, 
Sheffield. 

Twigger, T. R., Post Office, Bubben- 
hall, nr. Kenilworth: 

Underwood, W. G., 9, Sears Street, 
New Church Road, Camberwell, 
SvE.5. 

Ure, R., Stenhouse House, Carron, 
Falkirk. 


Vaughan, Benj. H., 25, Holmes Street, 


Derby. a 

Vaughan, G. A., Pen Glen, Tivedale 
Road, Burnt Tree, Tipton. 

Vernon, G. W., 11, Ashfield Road, 
Burnley. 

Wainford, E. H., High Row, Gainf ord, 
Darlington. 

Walker, A., 117, Robert Street, 
Newton Heath, Manchester. 

Walker, Alex. W., 113, Dalton Green 
Lane, Huddersfield. 

Walker, D., 5, New Houses, Anderson 
Street, Bonnybridge. 

Walker, F. D., 153, Greenvale Road, ” 
Eltham, 8.E. 

Walker, G., 21, Napier Place, Bains- 
ford, Falkirk, 

Walker, Geo. H., 2, Camp Street, 
Derby. 

Walker, John, 130, Wallace Street, 
Falkirk. 
Walker, Wm., 10, Larbert Road, 
Bonnybridge, Falkirk. 
Walwork, -R.° N., “Western Road, ~ 
Wilmslow, Cheshire. 

Ward, J. C., 56, Danvers Road, 
Leicester. 

Wareham, H., 37, Broadway, Coven- 
try. 

Warner, Amos, 252, St. Thomas Road, 
Derby. 

Wasteney, J., Vulcan Foundry, Eck- 
ington, nr. Chesterfield. 


B’nch. 


Gen. 


wn 
P 


We me i 
2 


Lnes. 1925, 
W.R. 1913. 
OLY: 
M. 1926. 
L. 1911. 
L. 1924. 
S. 1925. 
E.M. 1926. 
M. 1926. 
18}, 1920, 
1910. 


Year 
of 


1919. 


41927. 


1920, 
1921. 
1923. 


LORI 
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Election, 


1914. 


Watson, R., Saxilley House, 49, 
York Street, Rugby. 

Watt, R., Etna Ironworks, Falkirk. 

Watts, W., 28, Bolt Street, Deptford, 
tondas, S.E.8. 

Waugh, Wm., 21, Dundas Crescent, 
Laurieston, Falkirk, 

Weathers, J. H., 76, Stanton Street, 
Neweastle-on-Tyne. 

Webb, A. W. J., 1, Sidney Street, 
‘Gloucester. 


. Webb, A. E.7 45, Brettel Street, 


Dudley, Worcester, 


. Webb, Ernest Alfred, 109, Warwick 


Street, Leicester. 
. Webster, C., 34, Milton Road, Rother- 
ham. 


. Webster, H. E., 46, Dovey Road, 


Moseley, Birmingham. 


. Webster, W., 74, Horseley. Road, 


Tipton, Staffs. 

Westwood, J. H., 1583,. Stratford 
Road, Hall Green, Birmingham, 

Wharton, L., 4, Ridehalgh Street, 
Colne, Lancs. 

Whitaker, E., 145, St. Enoch Road, 
Wibsey, Bradford. 

Whitehead, A., ‘‘ Avondale,” St. 
Luke’s Avenue,Thornaby-on-Tees. 


Whiting, A., Brynbella, Pembroke 
Road, Erith, Kent. 

Whiting, A. F., 56, Battle Road, 
Erith, Kent. 

Wild, A. J., Midland Brass Foundry, 
Attercliffe, Sheffield. 

Wild, H., 14,: Albert Promenade, 
Loughborough, Leicestershire. 
Wilkes, R., 39, Pearl Street, Haver- 

ton Hill, Middlesbrough. 
Wilkins, A. J. R., 149, Toll End 
Road, Ocker Hill, Tipton. 
Wilkinson, T., Stockton Street, Mid- 
dlesbrough. | 


> B’nch 


Year 


of 
Election. 


LOLS. 


1919. 


. 1925. 


1993. 
1911. 
1920. 


1920. 


ZADKS: 
1925. 
1927. 

. 1923. 

1904. 

LOZ hy 

. 1926. 


"1924. 


1924. 


. 1912. 


1922. 


“1927. 


1926 
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Williams, A., 31, Burngreave. Bank, ‘a : 


Sheffield. 


Williams, A. Morgan, 43, -Queen’s A 


Road, Coventry. 


Williams, O., 25, Thirlmere Pens: 


Stretford, Manchester. 


Williams, R., 166, Cross Road: Foles- 


hill, Coventry. 
Williamson, H., 3, Nain Street, Dal- 
muir. 


Williamson, J., 111, Stirling Street, | 


Denny, Stirlingshire. 


Wallehoe, W. #H., ‘‘ Breydon,” Oak- 


hill. Gardens’ Woodford . Green, 
London, E.18. 

Wilson, A. E., 84, Dewhurst Road, 
Syke, Rochdale. 


Wilson, A. M., Elm: Villa, Mildmay 


Road, Bienhom on-Crouch. | 
Wilson,.C. H. V., 31, King’s Avenue, 
Clapham Park, London, S.W.4. 


Wilson, H. T., 34a, Commercial Street, : 


Thornes Rane Wakefield. 


Wilson, W. R., 15, Sackville Street, | 


Liverpool. 


Winfield, F., ‘‘ Ambleside,”’ Osmaston 2 


Park Road, Derby. . 
Winter, N.F.S., Green Hayes, Halifax. 


Waterton! H. T., Wm. Cumming & 


Cow; Whittington Mills, Chester-~ 


field. 


Wiseman, A. A., 149, Toll End Road, | 


Tipton, Staffs. 

Wolstenholme, J., 111, Carlton Ter- 
race, Bury, and Bolton Road, 
Radcliffe, Manchester. 


Wood, A., 30, Toll End Road, Toll 


End, Tipton, Staffs. 


Wood, AG Sunny Bank Hill, Crest 


Avenue, Brierley Hill. 


. Wood, E.. A., 30, Dixon Street, 


Rotherham. 


RD 
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B’nch, of 
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ASSOCIATE MEMBERS. 


Election. 


E.M. 1921. 


WR» 1922. 
a GL Ms 


M. 1926. 


—W.R. 1914. 


of ¥. 
B. 1927. 
Lunes. 1917. 


W.& 1926. 
M. 


Wood, James H., 18, Alcester Road, 
Sheffield. . 

Wood, John, 6, Hudswell Street, 
Sandal, Wakefield. 

Woolley, H. E.,. 5, Albion _ Terrace, 
Saltburn-by- ‘Sea. 

Worcester, A. S., 162, Victoria Road, 
Lockwood, Huddersfield. 

Worley, 8..-C.; f° Ashmore,’ 153, 
Bearwood. Road: Smethwick, Bir- 
mingham. 

Worrall, J. N., 77, Ansdell Road,’ 
Turf Hill, Rochdale. 

Wren, J., ‘‘ Westholm,” Edward 
Street, Griffithstown, Mon, 

78, Lloyd Street, 


Lunes. 1925. Wright, H. G., 
! Heaton Norris, Stockport. 
W.R. 1923. Wright, L. L., 168, Oxford Road, 
+ OLY. Gomersall, near -Leeds. 
B. 1927. Wright, R. H.,, Oxford Lodge, Mary- 
hill, Glasgow. 
Se. 1913. Wright, W.., Burnbank Foundry, 
Both le Falkirk. 
-Lnes. 1924. Wylie, J. F., 206, Stockport Road, 
Bredbury, Stockport. 
Locs. 1925. Yates, J., 37, King Edwards Avenue, 
North Shore, Blackpool. 
Lnes. 1926. Yates, W., 38, Clifford Street, Leigh, 
Lancashire. 
Lnes. 1924. Yeoman, Robert, 18, Lord: Street, 
Stockport. 
Lnes. 1926. Yeoman, 8., 18, Lord Street, Stock- 
port. 
Sc. 1919. Young, J., 45, Cochrane Behe 
a - Paisley. 
N. . Young, James, 72, Carlisle Seroot! 


Felling-on-Tyne. 


B’nch, 


Ne 


N. 


M. 


Year 
of 
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ASSOCIATES. 


Tlection, 


1925. 
1926. 


1925. 


‘1920. 


1925. 


1924. 


1926. 


1924. 


1922. 


Adams, F., 98, Avondale Road, 
Byker, Newcastle. = 


Ainsworth, L. H., 3, Albert Avenue, 
Wallsend-on-Tyne. 

Andrews, E., 214, Highfield Road, 
Saltley, Birmingham. 

Ayres, Sidney, 299, Bellhouse Road, 
Shiregreen, Sheffield. 


Bache, T. R., 181, Walsall Street, 


West Bromwich. 


. Badsey, R: C., 5, Lovaine Terrace, 


North Shields. 


Banks, V. L., St. Cuthbert’s Vicarage, | 


Newcastle-on-Tyne. 

Bell, W. M., 2, Bellfield Street, 
Barrhead. 

Bentham, J. W., 9, Cumberland Street, 
Gateshead-on-Tyne. _ 

Betham, W. S., 9, South Frederick 
Street, South Shields. ; 
Blackwell, J., 113, George Street, 

Willington-Quay-on-Tyne. 


. Blackwood, W. S., 12, Napier Street, 


Linwood, N.B. 

Blades, H., 37, Petre Street, Pits- 
moor, Sheffield. 

Blythe, N. C., 11, Danes Drive, Scots- 
toun, Glasgow. 

Bolsover, C. A., .27, Pear Street, 
Sheffield. , 

Boudry, C., 46, Holly Lane, Smeth- 
wick. 


1922. Bowden, F., 5, Holmwood Grove, 


1914. 


1926. 


West Jesmond, Newcastle-on- 
Tyne. 

Boyne, W., 157, Wood End Road, 
Erdington, Birmingham. 

Cannon, W. R., 9, South View, 
Billingham, Stockton-on-Tees. 


E Year 
B’nch, of 
Election. 
N. 1917. 
LL, 1924. 
N. 1923. 
Sc. - 1926. 
Ss. 1920. 
W. & 1925. 
M. 
Se. 1925. 
1p 1926. 
Gen. 1918. 
N. +1924. 
Lunes. 1927. 
Ss. 1927. 
iolN 1924. 
-N. 1923. 
ING Ds 21924; 
N. 1924. 
B. 1925. 
N. 1926. 
N. 1918. 
Le) (1922. 


861 


ASSOCIATES, — 


Carr, S., 44, Stanley Street, Rosehill, 
Wallsend- -on-Tyne. 


Chamberlain, E. E., 75, Albert Street, 
Slough, Bucks. 

Chapman, L..B., Daisy Cottage, Dene 
Villas, Chester-le-Street, Co. Dur- 
ham. i 

Clark, J., 28, King Street, Paisley. 

Coates, L., 30, Oakwood Road, 
Rotherham. 

Coles, H., 101, Woodlands Road, 
Barry Dock. f 

Coubrough, W. J., 68, Guthrie Street, 
Maryhill, Glasgow. 

Cummings, F. C., 3, Waller Road: 
New Cross, Gorden, S.E.14. 


Currie, E. M., 3, Stockton Road, 
Coventry. / 

Cuthbertson, J., 81, Dunsmuir Grove, 
Gateshead-on-Tyne. » 

Daintith, R., 286, Rishton Lane, 
Gt. Lever, Bolton. 

Dalton, W. E., 310, Owler Lane, 
Sheffield. 

Davidson, T. H., 156, Croydon Road, 
Newcastle-on-Tyne. 

Davison, R., 79, Second Avenue, 
Heaton, Newcastle-on-Tyne. 
Dickinson, B., 9, South Frederick 

Street, South Shields. 


Dodd, C., 6, Relton Terrace, Monk- 
seaton. 

Dubberley, W., 27, Lewisham Road, 
Smethwick, Birmingham. 

Dunbar, J., 16, Burn Terrace, Willing- 
ton Quay-on-Tyne. 

Eglen, T., 22, Morley Street, Heaton, 
Neweastle-on-Tyne. 

Ellis, J. P., 20, Lambourn Road, 


Clapham f unction, 8.W.4. 


B'nch, of Hise ASsoc1ATEs, ‘ PEL 
‘Hlectibn,. ‘ 


i , 


1927. 
Ane 1923, 
x. 1917. 
s. 1929. 
on 

N. 1925. 
N. 1913. 
ay "1926. 
B. 1924. 
| N. - 1923. 
8c. 1924. 
(a 1924, 
fs ODE 
x, 1925. 
B. 1925. 
N. 1925 
B. 1925 
B. 1909 


 B, 1925. Evans, E. H., 100, Brunswick Road, 


Ferguson, Tig 62, South Palmerston a iy 


. Hamilton, G., 18, ATGerSOn Bend, ee 


Handsworth, EAT SS ~. 
‘Ewen, G.; 29, Oakbank “Ternace, xaos 
t Glasgow. Mi 


‘Harrell T. P.,: 6, St, _Mary’s Terrace, if ya 
Willington Quay. i 


Street, South Shields. f 


Firth, Tom Tes 191, Fox Sieben? 

~ Sheffield. i 

Fleck, J., 75, Lamb Street, Walkor- s 
on- Alene: y ae ‘ 


Ford, A., 43, Moore Stroot, Gateshead, oe 


Fretwell, J., 153, Sheffield Road, 
Stonegravels, Chesterfield. 


rout. C., 55, Wavnerley Road, Small 
¢ Heath, Birmingham. 


Gould, M , 42, Elswick, East Terrace, , 


Newe astle-on “Tyne. 


Graham, T., 25, William Street, 
Dumbarton. y F a 


Graves, J. H., 38, Soler Road, 
Wood Gisen N.22. 


Gray, H., 337, Sheffield Road, Whit- 
tington Moor, Chesterfield, | : 

Green, §., 67, Cottenham Street, { 
Newecastle-on-Tyne. 


Greenway, J. F., 43, Douglas Road, 
Handsworth, ‘Birmingham, 


Grigor, R., 38, Grey Street, Wall, 


send-on- “Tyne. 


. Hadley, E. T., 207, Horsley Heath, 


Tipton, Staffs. 


Tipton. 


H.M. 1917. 


' Lnes. 1926. 


Lunes, 1923. 


E.M. 1916. 


Ne PL ODT: 


. Jones; T. ru. 40, 


863 
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ASSOCIATES, Pp 


‘Harding, W. 
Barry. 

Harle, J. E., 162, South Palmerston 
Street, South Shields. 

Harvey, E. J., 4, Rydal Road, Stock- 
ton-on- Toes. 


Harvey, J. E. B., 96, Marshall Wallis - 


Road, Routh. Shields. 
Harvie, R:, °§ 21, 
Maryhill, Glasgow. 

Hatton, A., 15, Littlemoor Crescent, 
Newbold, Chesterfield. 
Heeley, John Jas., 36, Gertrude 

Street, Owlerton, Sheffield. 
Higgins, N., 7, Portland Rows, Hurl- 
ford, Ayrshire. 
Hill, T., 9G, Mitchel] Street, Airdrie. 


, Year 
B’nch, _ of 
Election. 
W: & 1925. 
M. 
N. 1923. 
M. 1926. 
N. 1924. 
Se. 1927. 
S. 1926. 
S. 1921. 
Se. 1924. 
Sc. 1920: 
Lnes. 1925. Hindley, W., 13,: Charles Street, 
Farnworth, near Bolton. 
W. & 1926. Hird, J., ‘‘ Woodcot,’ Upper Cwm- 
M. bran. 
N. 1925. 


Hodgkinson, H. D., 5, Leopold Street, 
Jarrow-on- Tyne. 

Holmes, A., 87, Albert Promenade, 
Loughborough. 

Holt, Samuel (Junior), 83, Ridgway 


Street, Bradford Road, Manches- . 


ter. 

Hopkins, W., 70, \ Tootal 
Weaste, Manchester. 
Hughes, J. O., Alma Lodge, Caris- 

brooke Road, Leicester. 


Drive, 


Hunter, R. W., 104, Shrewsbury 
Crescent, Humbledon Hill, Sun- 
derland.  , 

. Jameson, J. R., 9, Olive Street, 
Hartlepool. 


. Johnson, J. B., junr., Slater Street, 


Great Bridge, Tipton. 


. Jones, J., 21, Cooper Street, Sunder- 


land Road, Gateshead-on-Tyne. 
Glengall Road, 
Cubitt Town, E.14. 


L., 14, Welford Street, 


Campbell Street,» 


7 
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ey, 3} 


Year | en ellie . } 

B’nch, © of ASSOCIATES, 3 
Election, \ ee 
Se. 1922. Jones, W. C., Blair Terrace, Hurlford, oe 
Ayrshire. | Me 
Ny: 1922; Kelly, F.. J.,- 1545, Walker) Road; 75am 
Neweastle-on-Tyne. =e Tg 
Se. 1924. Laughland, H., 15, Burnside Street, ; 

Filinandool oa 

N. 1925. Laven, J., 140, Richardson Street, ae 


Wallsend-on-Tyne. s 

N. 1920. Lindsay, A. W., 16, Phillipson Street, ‘Ned 
Willington Quay-on-Tyne. 

N. 1924. Lowes, W., 1, Baden Street, Chester- 
le- Street: : 

Lnes. 1914. Lucas, G. W., 36, Langford Stredts 
Leek, Staffs. 


Se,- 1926. McAllister, W. C., 144, Drumoyne | 
a Road, South Govan, Glasgow. 
N. 1924, McDonald, C. R., The Villa, Willing- 


ton-Quay-on-Tyne. ee 
N. 1925. McDougal, T. D., 3, Westmoreland Bo 
Street, Wallsend-on-Tyne. Re 
Se. 1924. McGowan, V. M., 1, Albert Street, ae 
Paisley. ve 
Se. 1926. McGurnaghan, M., 206, Gallowgate, — 
Glasgow. Bis 
Se. 1913. McLeish, J., 7, Buchanan Terrace, ee 
Paisley. eS 
Se. 1924. MacNab, R., 138, Walker Street, Es 
Paisley. = 
Se. 1926. McPhee, J. McA., 70, High Street, $ 
Paisley. Ae 
N. 1926. McQuillan, J., 1,. Lodge’ Terrace, . 9.23 
Wallsend-on-Tyne. Bee. 
Sc. 1925. Magee, J., 838, Lounsdale Drive, cre! 
Paisley. ay 
Se. 1927. Main, J. W., 175, Holm Street, ae 
Glasgow, C.2. y ee 


= ‘ : 
Yaar aes hey 


TRA) iia ah bs ae Me eth sy ; Ya pes i a at 
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ae ae Year 
“ee “ Bnch, of |, Sepa gor anG 
bts Election, j 
a Sc. 1924. Martin, A. L., 31, George Street, i 
Ba 4 City, Glasgow. (leak 
eee M. 1926. Martin, J. H., 7, South Wide, Cargo 
ew Fleet, Middlesbrough. 
i, B. 1924. Mason, J. L., 11, Kentish Road, 
at, - Handsworth, Birmingham, 
Bh: L. 1925. Mata, C. H., 51, Grosvenor Road, 
‘ : Canonbury, N.5. 
i N. 1923. Matthews, G. W., 82, St. Peter- 
ne Road, Holy Cross, Willington- 
ss ms Quay-on-Tyne. | as 

Ps Lnes. 1923. Meadowcroft, H., 10, Hambledon, 

F View, Habergham, Burnley. 
, Se. 1924. Meikle, A. S., 207, Kent Road, 
ae Glasgow. 
sy B. 1925. Meredith, C., 4, Thomas Street, Smeth- 
we wick, Birmingham. 
bh N. 1922. Miller, J. G., 79, Clarence Street, 
, ~ Newcastle-on-Tyne. 

N. 1925. Morland, R. H., 106, Clifford Street, 


4 N. 1925 

N. 1925 

N.° 1924 

N. 1925 

Rie N. 1925 

‘a : WN, > 1922 
pe | 

Bp N. 1923 

ye N. 1923 

A PY Nh 1922, 


Byker, Newcastle-on-Tyne. 


. Nesbit, G. L., 4, Coben Avenue, Mex- 


borough. 


. Nesbitt, I., 26, Bede Crescent, Holy 


Cross Estate, Willington-Quay- 
on-Tyne. 


; Nichol, J., 131, George Street, 


Willington-Quay-on-Tyne. 


. Nuttall, G., 88, High Street East, 


Wallsend-on-Tyne. 


. Osborne, G. F., 39, Franklin Street, 


Sunderland. 


. Paterson, J. W., 108, Corbridge Street, 


Byker, Newcastle-on-Tyne, 


. Peacock, J. E., 40,  Bolam Street, 


Neweastle- on-Tyne. 


. Peacock, S., 12, John Street, South 


Shields. 
Picken, A. D., 87, Cuthbert Street, 


Hebburn-on-Tyne. 
2r 


a) 


866 


; Year i ee. 
B’nch. of ASSOCIATES. ee | 
Election, 2 é ts 
N. 1922. Pittuck, M. D. (Miss), c/o H. J. Young. a 
~ 3, Central Buildings, Westminster. am 


-Lnes. 1926. Pollard: “Wm., 7, Powell Street. we 
Burnley, Lancs. 
W.R. 1926. Poole, F. T. L.; 85, Starr mp Wyke. 


of Y. Bradford. 
N. 1926. Pratt/ S., 29, Randolph Sureek! Jar- 5 
row-on-Tyne. "cee 


E.M. 1916. Radford, H. P., 151, Barclay Street. 
Fosse Road South, Leicester. : 

N. 1917. Rang, E. J., M.Sc., 8, Bath Terrace: a 
Tynemouth. 

N 1926. Reay, T., 27, Percy Street, Wallsend- a 
on-Tyne. 2 

N 1922. Redpath, J., 25, Burnley Street. 
Blaydon-on-Tyne. 

W. & 1925. Rees, L. W., 158, Holton Road. oe 

M. Barry Dock. : iA 


N. 1924. Robson, J., 15, Hawthorne Grove, 
Wallsend-on-Tyne. 

N. 1925. Robson, J., 20, Frederick Street, 
Gateshead-on-Tyne. ; 

N. 1923. Rollin, C.N., Stanhope House,Westhoe 
Village, South Shields. 

Se. 1927. Ross, W. (Junior), 2, Macdonald ie 
Street, Rutherglen, Glasgow. Dae. ec 

N 1926. Rowley, J. S., 51, South Terrace, oa 
Wallsend-on-Tyne. 7: 

N 1925. Ruff, J., 88, Richardson Street, Bee 
Wallsend-on-Tyne. ae 

M. 1926. Saunders, A., 34, Queens Road, 

N 

L 


Sev 1923. Reid, J. N. (junr.), Elmbank, Larbert. YG 
Se. 1923. Riddell, J., 113, Coventry Drive, Bi 
Glasgow. Re 
M. 1926. Robinson, J., 172, Abingdon Road, e 
Middlesbrough. i 


North Ormesby, Middlesbrough. a 
1925>: Scott, Ro Jc 332, )) North’ -Rerracetman ae 
Wallsend-on-Tyne. 
1926. Sherman, W. T., ‘‘ Woodlands ’’ Avery 
Hill Road, New Eltham. 
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~ Year : 
B’nch. of ASSOCIATES. 
Election. 
S. 1925. Smedley, C. C.,\ 41, Abbey Lane, 
Woodseats, Sheffield. 
B. 1925. Smith, W. H., 21, Horsely Road, 
Tipton, Staffs. : 
N. 1925. Soulsby, W. A., 14, Armstrong Street, 
Gosforth. 
N. 1912. Spence, W. D., 124, Heaton Park 
Road, Newcastle-on-Tyne. 
N. 1922. Spencer, F. C., ‘“*Donsfell.”” New 
/ Horsley, Ovingham-on-Tyne. 
B. 1910. Spiers, F., 32, Kenilworth Road, 
Handsworth, Birmingham. 
N. 1925. Spowart, D., 9, St. Nicholas Road, 
Hexham-on-Tyne. 
N. 1926. Stafford, J., 143, Harriet Street, 
Byker, Newcastle-on-Tyne. 
N. 1923. Stobbs, T., 199, Stanhope Road, 
South Shields. 
N. 1924. Stoddart, J., 7, Ferndale Avenue, 
Wallsend-on-Tyne. 
N. 1925. Strong, Leslie, 59, Marine’ Avenue, 
Monkseaton, Northumberland. 
E.M. 1915. Styles, W. T., 52, Roe Street, Derby. 
B. 1910. Sutton, W. H., 147, Anthony Road, 
Saltley, Birmingham. 
Se. 1913. Sword, J., 13, Paisley Road, Barr- 
head. 
N. 1926. Symon, J. A., 10, Mayfair Road, 
West Jesmond, Newcastle-on-Tyne 
Lunes. 1926. Tate, W. G., Brook Royd, Tod- 
morden Road, Burnley. 
LAE 1926. Taylor, D., 35, Langby Avenue, 
Thornaby-on-Tees. 
N. 1926. Thompson, J. T., 42, Monk Street, 
Gateshead-on-Tyne. 
N. 1921. Tunnah, R. C., 22, Ripso Gardens, 
Jesmond, Neweastle-on-Tyne. 
Se. 1924. Turnbull, J., Primrose Cottage, 
Bonnybridge. 
1921. Turnbull, R. G., 8.8. ‘ Cairnross,”’ 


Edinburgh Docks, Leith. 


COR ie; ‘ if \ ) 
Re Year ABS Ae oh ey 
Save “Binch, Of ie ae nese "ASSOCIATES. 
ae i "Election, : 
eas uae 1922. Tylon G. H., 86, Pickmere Road, Sy 
ala _ Pitsmoor, Sheffield. ss: 
hex (NA 1922. Van-der-Ben, C. R., 169, Dunsmuir 
Me es Grove, Gateshead- on-Tyne. Yio 
MM. 1926. Vause, W.;. 33, Hannah Street, 
RANI ‘Thornaby-on-Tees. i 
ene PE see Ward, E., 56, Park Street, Stoke. Bet 
(a Gi els ; Newington, London, -N.16. ; 
Beier ie: 1911. Wells, G. E., 89, Lareom Street, 
PONS % 3) Walworth, 'S.E. 
Ve i WR. 1926. Wilks, W., 40, Balfour Street, Bast Anes 
BOS Ole Bowling, Bradford. ame 
7° )Se. \ 1927... Wilson, J. R., 4, Killermont ‘Street, 
ee Sea Glasgow. 
/ \.- =" Be 1926. Whitehouse, ‘T.,: 4, \Carlton Road, 
EY Smethwick, Statts. 
, M. 1926. Whitfield, C. S:, 131, Victoria Road, , 
Desire y Middlesbrough. ‘ sy 
- N. :1927. Wood, “N., 100,' Rodsey Avenue, 


Rane es Gateshead-on- -Tyne. 

—  §. 1920, Wordsworth, W. A., 11, Coverdale 

ty Road, Millhouses, Sheffield. 
A ene 1925. Worley, E. R.,° 2, Primrose Hill, 
Bane ' Low Fell, Gateshead- -on-Tyne. SiS 
Se. 1927. Wright, J., 198, James Road, Town- 
4 head, Glasgow. ; 
, Se. 1926. Young, H., 4, Glaseow Road, Tetley: . 


Members changing their PERE are 
requested to notify the same peti 
to the General Secretary or ‘to the 

Branch Secretary of the District. 


. NAME INDEX. 


\ } t 
1 { 


ApaMson, E. PAGE. 
On Alloy Cast Irons 367 
AppLeyaRD, K.\ C., Masor. tet 
Awarded Diploma 13 
BacsHawe, G. 
On Cost) of Blackheart Malleable .. 248 
Barnes, A. 8. 
On Foundry Training 385 
Bartiett, A. R. 
Presented with Oliver Stubbs Medal 4 
Becker, M. L. See THompson, F. C 
Beecu, A. S. 
On Moulding Machine Practice 1% 342 
Brieeiey, A, 
On Low-Carbon Iron 322 
- Brown, E. H. 
On Moulding Machine Practice Se 346 
Buntine, H. t 
On Foundry Cranes “i vo eee RA .. 668 
CAMERON, J. 
- On Foundry Training 384. 
Carkz, 8. 
Paper on the Patternmaker and some of his Work 393 
Coox, F. J. ‘ 
On Foundry Training 389 
On Structure and Analysis 150 
Coormr, M. J. 
Paper on Standardisation in Modern uma Biaolige 600 
Awarded Diploma 4 8 
On Moulding Machine Practice 341 
Cox, J. EH. 
On Foundry Cranes 668 
Dawson, 8S. EB. 
On Magnetic Proverties of Cast Iron 218 
Donarpson, J. 
Paper on the pane pee oF Boia] Alene in Cash 
Tron ‘ : ‘% : ; 355 
Dunn, J. W. 
On Sand Slingers and Jolt Waviinces 344 
On Standardisation ae 626 
_Epetneton, G. 
‘ Paper on Machines in Non-Repetition Foundries 326 
Rpwarps, F. 
= Paper on Patternshop Aids to Foundry Production T17 
LLIS, ‘ 
On Moulding Machine Costs .. is ey .. 346 
On Standardisation ny if Say eete AB -. 618 
Evans, W. T. 
On Foundry Handling 669 
Fauukner, V. C. 
Presidental Address 14 
Blected President 12 
On Electric Furnace Malleable 237 
On Foundry Training .. ; +E a ys +. 390° 
_ On Standardisation : i oe = 615 and 623 
On Use of Sand Slinger . 3s # -. 341 
Freip, H. 
“On Magnetic Properties of Cast Iron .. 219 
_ On Manganese Variations in Pig-Iron .. 148 
Furtcner, J. 2. 
; On Cupola Reactions . ie a re 43 175 
On Foundry Training .. Ca as ow 387 
On Metallographic Examination Be 138 


Fuercner, J. B. (contd.). : teat ; ale 
On Moulding Sands .0 0007) rv. $e Re “A 
oe Pig-Iron Structure... 
Fox, E. J., and Witson, P. H. 
Paper on the Principles of Centrifugal Castings as 
Applied to bi Pap n Aeure o eae eae 


. \ Pipes an j ; : : 470 
FRAME, x D. 

Paper on a Glimpse into a Non-Ferrous Roundy 576 
Frisk, J. 

On Patternmaking ifs ee ie ts Sale Wea aL Means 
Gatton, M. EH. , in 

On Standardisation .. ms 4c 5 oft a nan Oe lee 
Garpvon, J. W. 

On Blackheart versus bee ee se Malleable © Rao pirat iy}\) 

On Standardisation Ne i -. 622 
GLOVER, .— . 

On Oil-Sand Cores me He! So ne ee .. 467 
Goopwin, J. T. ‘ 

Elected Senior Vice- President he Bs =a RELIST Ga 

On Foundry Training .. ‘ ie BH ae 2 B86 4 
Grant, G. C. : 

On Steel Castings. . oh ee; eid Ne & -. 448 
GRAVES, — 

On Malleable Porsus Pearlitic Cast Iron’ .. Pare 250 
GResvy, ' , 

On’ Fracture Sarkis Analysis a ne ae .. 149 

On Moulding Sands .. ee ae si a PBS 

On Patternmaking on Pe ae, aes .. 409 
Grunpy, H. V. and PHILLIPS, A. 

Paper on Refractories in the Foundry .. a oe - 756 
Harry, A. 

On Defects in Castings ; <a ae 4c -. 644 

On Handling Foundry “Materials ih “t A jae PEL 

On Semi-Steel for Motor Cylinders ve re seu nouar 
Henperson, Rr. Hon. A. : 
i Address of Welcome , ay a se re 1: 

Election as Hon. Life Member .. Ry ts bis 5 
HERBERT, — 

On Centrifugal Cast-Iron Pine .. oe we Eivets| 15) 
Hirp, 

Paper on Gases Evolved from Molten Iron .. <1 O12 .¢ 

Paper on Making a Motor Road Roller .. .. 413 

On Gases in Cast Iron ae ae .. 174 
Howartu, — 

On Sagging of Cores .. ate 3 ee ae -. 468 
Hurren, F. H. ; 

On Porous Castings .. ae ie we ae .. 643 
Hurron, R. §. ; i 

On Foundry Training: .. =f Sis rae st Br S8T 
Hyps, R. 

Awarded Diploma 3 oe mean ei 

On Nickel in High- Carbon  Stieels ae s .. 368 
Hyman, i 

On Brass Allovs .. ox a Be 43 te a LoS 
Jackson, A. 

Paper on Metallurgical Coke.. BP a3 ex, A285 

On Casting “Wemperature. ie het eee 
JOHNSON, F. y 

On Foundry Training .. sa ie is Me «. 388 
JouuEy, W. 7 ae 

On Pig-Iron Testing .. Waar ee ie Sey) TSO On 
Kayser, J. F. 7 

On Alloy Cast Irons .. * ae 28 Ra Rests cy (ae 
Kemio, R. W 


Paper on Patternmaking and its Relation to 
Design and Foundry Practice .. id ae +. 734 


~ s ; i 


871 
Key, A, Tae : 
On Gases and Blowholes .. 
On Melting Low-Carbon Irons .. 
On Phosphorus in Diesel Liners .. 
Lake, W. B. 
On Sand Slinger and Jolt Rammer 
Lampert, W. 
Y= On, NowFerrons Metallography 
LarRKE, Sir W. 
Speech at Banquet 
Lawrik, A. 
On Centrifugal Pipe Casting.. 
LEMOINE, G 
Paper on Practical Utilisation of Apparatus for 
Measuring the zeroes Ditty. ane Cohapice of 
Moulding Sands 
Lenz, A 
Paper on “Quality in Quantities ” 
LoGan, A. 
On \ Non-Ferrous Mosatiog ap ir 
On Pig-Iron Fracture 
Lonepen, H. 
Paper on Moulding Machines 
On Handling Equipment . 
On Hot Moulds for Non- Ferrous, Castings 
On Pig-Iron Analysis : 
_ Lonepen, J. 
Paper on Liquid pies § in Side Tron 
Awarded Diploma 
_Maxemson, 'T. 
On Contraction of Steel Castings .. 
MaARKs, 
: Paper. on the Manufacture of; Special Cast Iron .. 
Masson, . 
Introduces Paper by M. Piedboeuf 
Masters, J. 
On Diesel Castings 
On Qil-Sand Cores and Soundness 
Marner, D. G. 
On Small Hand Moulding Machines 
Meapowcrorr, W. H. 
On Core-Drying 
Meumora, F. 
Paper, on Electrically- Produced ss scteran ace Malle- 
able | 
Paper on Some Metallurgical Points in Electric 
Steel Castings and Notes on Defects Ae 
Monn, Sir A. 
Speech at Banquet 


Moore, H. 
Paper on Lifting « and Shiving aa rm paid in the 
Foundry 


Mortimer, G. 

Paper on Aluminium Foundry Practice .. 
Morray, J. 
' On Hot Spots 
Nevitiz, F. W. 
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